ADA051392 


VOLLME  II  THE  EVALUATION  OF  CRAFT  PERFORMANCE  IN  COAST  GUARD  PROGRAMS 


c.  W.  Pritchett  and  F.  M.  Hamilton 
USCG  Research  and  Development  Center 
Avery  Point,  Groton,  CT  06340 
and 

A.  Passera  and  D.  S,  Prerau 
Transportation  Systems  Center 
Kendall  Square,  Cambridge,  MA  02142 


Document  is  available  to  the  U.  S.  public  throug 
National  Technical  Information  Service, 
Springfield,  Virginia  22161 


the 


Prepared  for 

DEPARTMENT  OF  TRANSPORTATION 
UNITED  STATES  COAST  GUARD 

OFFICE  OF  OPEIATiONS 

Washington,  0.  C.  20590 


This  document  is  disseminated  under  the  sponsorship  of  the 
Department  of  Transportation  in  the  interest  of  information 
exchange.  The  United  States  Government  assumes  no  liability 
for  its  contents  or  use  thereof. 

The  United  States  Government  does  not  endorse  products  or 
manufacturers.  Trade  or  manufacturers'  names  appear  herein 
solely  because  they  are  considered  essential  to  the  object 
of  this  report. 

The  contents  of  this  report  reflect  the  views  of  the  Coast 
Guard  Research  and  Development  Center,  which  is  responsible 
for  the  facts  and  accuracy  of  data  presented.  This  report 
does  not  constitute  a standard,  specification  or  regulation. 


DONALD  L.  BIRKIMER,  Ph.D.,  P.E. 

Technical  Director 

U.S.  Coast  Guard  Research  and  Development  Center 
Avery  Point,  Groton,  Connecticut  06340 


Technical  Rapprt  Documaiitotiaii  Pag* 


2.  Government  Accettion  No. 


4.  Titio  ond  Subtitle 

^ CUTTER  RESOURCE,  EFFECTIVENESS, EVALUATION .,MODEL » 
yOLUME  H/i^THE*’ EVALUATION  OF'^RAFT_PERf6rMANCE 
IN  COAST , GUARD,  PRO'gRAMS  r [ 


June  l>f77 


orming  Orgonitotion  Code 


rtrtn  AWifnm 

- — • ■ 

USCG  R&D  Center 
Avery  Point 

Transportation 
Kendall  Square 

Systems 

Center 

Groton,  CT 

06340 

Cambridge,  MA 

02142 

13.  Sponsoring  Agoncy  Homo  ond  Addrost 

Department  of  Transportation^ 
U.  S.  Coast  Guard  ) 

Office  of  Operations  ( • 


. Work  Un.t  No.  (TRAIS) 


11.  Contract  or  Gront  No. 

None 


T ype  oL 


^FINAL  REPii^To 
Jun®  W75  - June  ^77^ 


14.  Sponsoring  Agency  Cod# 


Washington,  DC  20590  — / ' / 


15.  Supplementary  Notes 

This  report  is  one  of  a series  which  documents  the  Cutter  Resource  Effectiveness 
Evaluation  Project  at  the  CG  R&D  Center  and  the  Transportation  Systems  Center. 


16.  Abstroct 

This  report  documents  the  evaluation  procedure  utilized  in  the  Cutter  Resource 
Effectiveness  Evaluation  Model  which  quantifies  craft  performance  in  Coast  Guard 
missions.  Beginning  with  an  introductory  overview,  this  volume  presents  the 
craft  available  for  evaluation  and  the  details  of  the  craft  characteristic  section 
of  the  CRAFT/TASK  EVALUATION  element  of  the  CREE  Computer  Program.  The  report 
then  describes  the  methodology  utilized  in  task  (the  lowest  level  of  discrete 
activity)  performance  evaluation  and  continues  with  the  procedure  of  evaluating 
craft  performance  of  sorties  (sequenced  tasks)  and  scenarios  (sets  of  sorties) . 
Finally  this  documentation  describes  how  long-term  operational  evaluation  of 
craft  mission  performance  can  be  determined, 

\ ^ 


17.  Kpy  Wwd> 

advanced  marine  vehicles,  watercraft 
assessment,  evaluation  mission 
analysis,  operations  analysis 
modeling  - 


19.  Smcurify  Clpaitl.  (of  Wiia  rppprO 

UNCLASSIFIED 


16.  Distribution  Stotement 

Document  is  available  to  the  U.S.  public 
through  the  National  Technical 
Information  Service,  Springfield, 
Virginia  22161 


20.  Security  Cleetlf.  (of  thi  s pope) 

21*  No.  of  Popes 

33.  Pric* 

UNCLASSIFIED 

127 

F«nii  DOT  F 1700.7  (8-73)  Reproduction  of  form  and  completed  page  is  authorized 


METRIC  CONVERSION  FACTORS 


I 


k 


PREFACE 


This  volume  is  one  of  a series  which  collectively  documents  the  Cutter  Resource 
Effectiveness  Evaluation  Project.  The  complete  documentation  includes  the 
following : 

- Executive  Summary 

- Volume  I:  Analysis  and  Synthesis  of  Coast  Guard  Programs 

• - Volume  II:  The  Evaluation  of  Craft  Performance  in  Coast  Guard  Programs 

- Volume  III:  Utilization  of  the  Cutter  Resource  Effectiveness  Evaluation 
Model 

- Users/Programmers  Guide  to  the  Cutter  Resource  Effectiveness  Evaluation 
Computer  Program 

The  study  was  requested  in  August  1974  by  the  Office  of  Operations  and  until 
August  1975  was  directed  by  CAPT  C.  L.  BLAHA,  Chief,  Plans  and  Programs  Staff. 
Subsequent  efforts  have  been  directed  by  CAPT  P.  M.  JACOBSEN,  Chief,  Plans  and 
Programs  Staff.  The  initial  Project  Monitor  in  G-OP  staff  was  Mr.  P.  J.  D'ZMURA. 
Since  October  1975,  LCDR  B.  C.  MILLER  of  the  G-OP  staff  has  been  Project  Monitor. 
The  Project  Office  in  G-DOE-2  has  been  CDR  A.  TURNER. 


I 

I This  study  was  conducted  by  the  Coast  Guard  Research  and  Development  Center, 

I Groton,  Connecticut,  with  technical  assistance  from  the  Department  of 

I Transportation's  research  and  development  activity.  Transportation  Systems 

Center,  Cambridge,  Massachusetts.  The  full-time  study  team  members  were: 

LCDR  F.  M.  HAMILTON  (R&DC)  MR.  A.  PASSERA  (TSC) 

MR.  C.  W.  PRITCHETT  (R&DC)  DR.  D.  S.  PRERAU  (TSC) 


Additional  assistance  was  provided  by  the  following: 


! 


CWO  H.  HUDGINS  (R&DC)  FIl  R.  YOUNG  (R&DC) 

MR.  H.  GREEN  (R&DC)  MS.  L.  KOSTRICH  (TSC) 

MR.  K.  MURPHY  (TSC)  MS.  M.  E.  MAHONEY  (R&DC) 

MR.  J.  GARLITZ  (TSC  & IOCS,  Inc.)  MS.  I.  LARROW  (R&DC) 

MS.  J.  COLLIER  (TSC)  Cadet  1/C  G.  McGARVA 

MS.  P.  CONCANNON  (TSC)  MS.  S.  KEAVENY  (R&DC) 

MS.  R.  CHIN  (TSC) 


TABLE  OF  CONTENTS 


Page 


1.0  INTRODUCTION  1 

1.1  Technical  Overview  1 

1.2  Organization  and  Content  1 

2.0  RESOURCE  DEFINITION  AND  DESCRIPTION  k 

2.1  Craft  Selection  4 

2.2  Craft  Characteristics  4 

3.0  TASK  EVALUATION  8 


3.1  Quantity  of  Task  Accomplishment  - Probability  of  Success 


3.1.1  Definition  of  Probability  of  Success 

3.1.2  Parameters  10 

3.1.3  Summary  of  Task  Probability  of  Success  20 

3.2  Quality  Indicators  of  Task  Performance  20 

3.2.1  Time  to  Perform  a Task  20 

3.2.2  Fuel  Consumed  Duriiig  Task  Performance  23 

3.3  Overall  Task  Evaluation  23 

4.0  SORTIES  25 

4.1  Sortie  Evaluation  Procedure  25 

4.2  Elimination  of  Unrealistic  Sorties  26 

4.3  Sortie  Summary  27 

5.0  SCENARIO  EVALUATION  30 

5.1  Fraction  of  Scenario  Completed  30 

5.2  Average  Sortie  Probability  of  Success  31 

5.3  The  Average  Sortie  32 

5.4  Long-Term  Operational  Evaluation  32 

5.5  Important  Tasks  and  Program  Goals  35 

6.0  SUMMARY  OF  CREE  MODEL  EVALUATION  PROCEDURE  37 

APPENDIX  A - CALCOMP  PLOTS  AND  TABLES  FOR  CRAFT/TASK  EVALUATIONS  A-1 

COMPUTER  PROGRAM 

APPENDIX  B - SCHEMATIC  DIAGRAM  FOR  CRAFT/TASK  EVALUATION  B-1 

APPENDIX  C - MASTER  TASK  TIME  COMPUTATIONS  C-1 

APPENDIX  D - SEARCH  TASK  EQUATION  DEVELOPMENT  D"! 

APPENDIX  E - GLOSSARY  AND  LIST  OF  ABBREVIATIONS  E-1 


lii 


^ar/K/f 


LIST  OF  ILLUSTRATIONS 


Figure  Page 


1-1  Overview  of  Cutter  Resource  Effectiveness  Evaluation  Model  2 

3-1  Tow  Parameter  Trend  Diagram  12 

3-2  Procedure  to  Determine  Size  of  Average  Vessel  Towed  12 

3-3  Determination  of  Towing  Speed  13 

3-4  Typical  Depth  of  Water  Distribution  Curve  13 

3-5  Low  Speed  Maneuverability  Versus  Craft  Size  15 

3-6  High  Speed  Maneuverability  Versus  Turning  Radius  15 

3-7  Determination  of  Seaklndllness  Parameter  Values  16 

3-8  Go  Parameter  Trend  Diagrams  19 

A-1  Length  Versus  Displacement  - Submerged  Foil  Hydrofoils  A-1 

A-2  Length  Versus  Displacement  - Surface  Piercing  Hydrofoils  A-2 

A-3  Length  Versus  Displacement  - Air  Cushion  Vehicles  A-3 

A-4  Length  Versus  Displacement  - Surface  Effect  Ships  A-4 

A-5  Length  Versus  Displacement  - Planing  Craft  A-5 

A-6  Length  Versus  Displacement  - Catamarans  and  Hybrids  A-6 

A-7  Length  Versus  Displacement  - SWATH  Ships  A-7 

A-8  Length  Versus  Displacement  = Conventional  Craft  A-8 

A-9  Total  Useful  Load  Versus  Displacement  - Submerged  Foil  A-9 

Hydrofoils 

A-10  Total  Useful  Load  Versus  Displacement  - Surface  Piercing  A-10 

Hydrofoils 

A-11  Total  Useful  Load  Versus  Displacement  - ACV  (Low  P/L)  A-11 

A-12  Total  Useful  Load  Versus  Displacement  - ACV  (High  P/L)  A-12 

A-13  Total  Useful  Load  Versus  Displacement  - SES  A-13 

A-14  Total  Useful  Load  Versus  Displacement  - Planing  Craft  A-14 

A-15  Total  Useful  Load  Versus  Displacement  - Catamarans  A-15 

A-16  Total  Useful  Load  Versus  Displacement  - SWATH  Ships  A-16 

A-17  Total  Useful  Load  Versus  Displacement  - Hybrids  A-17 

A-18  Total  Useful  Load  Versus  Displacement  - Conventional  Craft  A-18 

A-19  Installed  Horsepower  Versus  Displacement  - Submerged  Foil  A-19 

Hydrofoil 

A-20  Installed  Horsepower  Versus  Displacement  - Surface  Piercing  A-20 

Hydrofoil 

A-21  Installed  Horsepower  Versus  Displacement  - ACV  (Low  P/L)  A-21 

A-22  Installed  Horsepower  Versus  Displacement  - ACV  (High  P/L)  A-22 

A-23  Installed  Horsepower  Versus  Displacement  - SES  A-23 

A-24  Installed  Horsepower  Versus  Displacement  - Planing  Craft  A-24 

A-25  Installed  Horsepower  Versus  Displacement  - Catamarans  A-25 

A-26  Installed  Horsepower  Versus  Displacement  - SWATH  Ships  A-26 

A-27  Installed  Horsepower  Versus  Displacement  - Hybrids  A-27 

A-28  Installed  Horsepower  Versus  Displacement  - Conventional  Craft  A-28 


iv 


LIST  OF  ILLUSTRATIONS  (continued) 


Figure 

Page 

A-29 

Specific  Fuel  Consumption  Per  Engine  - Gas  Turbine 

A-29 

! 

A-30 

Specific  Fuel  Consumption  Per  Engine  - Diesel  Engine 

A-30 

i 

A- 31 

SFC  Correction  Factor 

A-31 

A-32 

% Horsepower  Utilized  Versus  % Design  or  Base  Speed  - 
Submerged  Foil  Hydrofoil 

A-32 

A-33 

% Horsepower  Utilized  Versus  % Design  or  Base  Speed  - Surface 
Piercing  Hydrofoil 

A-33 

A-34 

% Horsepower  Utilized  Versus  % Design  or  Base  Speed  - ACV 
(Low  P/L) 

A-34 

A-35 

% Horsepower  Utilized  Versus  % Design  or  Base  Speed  - ACV 
(High  P/L) 

A-35 

A-36 

% Horsepower  Utilized  Versus  % Design  or  Base  Speed  - SES 

A-36 

A-37 

% Horsepower  Utilized  Versus  % Design  or  Base  Speed  - Planing 
Craft 

A-37 

A-38 

% Horsepower  Utilized  Versus  % Design  or  Base  Speed  - 
Catamaran 

A-38 

A-39 

% Horsepower  Utilized  Versus  % Design  or  Base  Speed  - SWATH 
Ships 

A-39 

A-40 

% Horsepower  Utilized  Versus  % Design  or  Base  Speed  - Hybrids 

A-40 

A-41 

% Horsepower  Utilized  Versus  % Design  or  Base  Speed  - 
Conventional  Craft 

A-41 

k-hl 

Speed-Sea  State  Envelope  - Submerged  Foil  Hydrofoil 

A-42 

A-43 

Speed-Sea  State  Envelope  - Surface  Piercing  Hydrofoil 

A-43 

A-U 

Speed-Sea  State  Envelope  - ACVs 

A-44 

A-45 

Speed-Sea  State  Envelope  - SES 

A-45 

k-Ub 

Speed-Sea  State  Envelope  - Planing  Craft 

A-46 

k-hl 

Speed-Sea  State  Envelope  - Catamarans 

k-hl 

A-48 

Speed-Sea  State  Envelope  - SWATH  Ships 

A-48 

A-49 

Speed-Sea  State  Envelope  - Hybrids 

A-49 

A-50 

Speed-Sea  State  Envelope  - Conventional  Craft 

A-50 

A-51 

Speed-Sea  State  Envelope  - CG  Rescue  Boats 

A-51 

A-52 

Craft  Motion  Versus  Wave  Height  - Submerged  Foil  Hydrofoil 

A-52 

A-53 

Craft  Motion  Versus  Wave  Height  - Surface  Piercing  Hydrofoil 

A-53 

A-54 

Craft  Motion  Versus  Wave  Height  - ACV 

A-54 

A-55 

Craft  Motion  Versus  Wave  Height  - SES 

A-55 

A-56 

Craft  Motion  Versus  Wave  Height  - Planing  Craft 

A-56 

k-57 

Craft  Motion  Versus  Wave  Height  - Catamarans  and  Hybrids 

A-57 

A-58 

Craft  Motion  Versus  Wave  Height  - SWATH  Ships 

A-58 

A-59 

Craft  Motion  Versus  Wave  Height  - Conventional  Craft 

A-59 

B-1 

Schematic  Diagram  for  Craft/Task  Evaluations  Computer  Program 

B-1 

C-1 

Definition  of  Time  Multiplier  Function  f (SK) 

C-2 

C-2 

Definition  of  Time  Multiplier  Function  g(MN) 

C-3 

D-1 

POD  Versus  Coverage  Factor  Curves  (CG-308) 

D-2 

D-2 

Area-Time  Curve  for  Target  Searches 

D-6 

V 


LIST  OF  TABLES 

Table 

2- 1  Craft  Characteristics  Output  Page  Format 

3- 1  Master-Slave  Task  List 

3-2  Maximum  Acceptable  Levels  of  Craft  Motion 

3-3  Parameter  Influence  Matrix 

3-4  Craft  Parameters  Output  Page  Format 

3- 5  Task  Probability  of  Success  Output  Page  Format 

4- 1  Calculation  of  Sortie  Probability  of  Success 

4-2  Typical  Sortie  Output  Page 

4- 3  Typical  Sortie  Summary  Page 

5- 1  Typical  Scenario  Overall  Results  Page 

5-2  Example  Calculation  of  Coefficients  for  Average  Successful 

Sortie 

5- 3  Typical  Scenario  Evaluation  Page 

6- 1  Summary  of  CREE  Model  Evaluation 

A-1  Vessel  Speed  Information 

A-2  Vessel  Propulsion  Modes 

A-3  Vessel  Design  Information 

A-4  Vessel  Design  Information 

D-1  Schedule  of  Expanding  Search  Areas 


Page 


7 

9 

17 

21 

22 

24 

26 

28 

29 

33 

34 

36 

38 

A-60 

A-61 

A-62 

A-63 

D-1 


Vi 


1 . 0  INTRODUCTION 


1,1  Technical  Overview 


To  determine  the  potential  for  utilization  of  HPWC  (High  Performance 
Watercraft)  and  conventional  craft  in  Coast  Guard  missions,  an  analytical  model 
addressing  both  the  job  to  perform  and  the  capability  of  various  resources  has 
been  developed.  This  model,  called  the  Cutter  Resource  Effectiveness  Evaluation 
(CREE)  Model,"  is  made  up  of  three  major  elements  as  shown  in  Figure  1-1  and 
listed  as  follows: 

a.  Concepts  of  Operations 

b.  Craft/Task  Evaluations 

c.  Scenario  Calculations 

Broadly  speaking,  the  Concepts  of  Operations  element  is  concerned  with 
the  job  to  be  performed  and  the  method  of  craft  deployment.  This  is  where  the 
operational  requirements  are  specified,  various  craft  and  suitable  methods  of 
deployment  are  chosen,  and  task-oriented  scenarios  are  constructed. 

The  Craft/Task  Evaluation  element  of  the  CREE  Model  consists  of  three 
sections  that  eventually  provide  a numerical  evaluation  of  craft  performance  of 
a task.  The  first  section,  called  Craft  Characteristics , takes  the  craft 
concept  specified  in  the  Concept  of  Operations  and  determines  '.ypical  detailed 
characteristics  of  that  craft.  The  second  section,  called  Parameter, 
uses  these  craft  characteristics  coupled  with  various  operational  requirements 
from  the  Concept  of  Operations,  and  calculates  dimensionless  numerical  values 
(parameters)  indicative  of  the  craft's  performance  in  a variety  of  areas,  such 
as  maneuverability  at  various  operational  speeds,  towing  ability,  and  seakind- 
liness,  to  cite  a few.  These  parameters  form  the  input  for  the  third  section, 
the  Task  Probability  of  Success,  which  calculated  the  success  of  craft 
performance  of  a task.  The  outputs  of  the  Craft/Task  Evaluations  element  are 
numerical  values  indicative  of  how  a given  craft  performs  the  given  tasks  with 
the  specified  operational  requirements. 

Finally,  the  Scenario  Calculations  element  addresses  the  effectiveness 
of  the  craft  performing  in  a larger  arena  - that  of  complete  sorties  or  missions, 
in  either  single  or  multi-program  scenarios.  Since  scenarios  are  made  up  of 
tasks,  like  search,  tow,  board  or  transit,  and  since  craft  performance  of  tasks 
is  quantified  in  the  Craft/Task  Evaluations  element,  the  Scenario  Calculations 
element  utilizes  this  Craft/Task  Effectiveness  output.  These  calculations  are 
accomplished  in  the  Program  Probability  of  Success  element  of  the  CREE 
computer  program,  which  has  as  its  output,  values  for  craft  mission  success  for 
the  specified  Operational  Requirements. 

1 . 2  Organization  and  Content 


This  volume  of  the  Cutter  Resource  Effectiveness  Evaluation  Report 
contains  the  technical  rationale  behind  the  development  of  a procedure  which 
evaluates  craft  performance  in  Coast  Guard  Programs.  That  is,  referring  to  the 
CREE  Model  organization  in  Figure  1-1,  this  volume  addresses  both  Craft/Task 


OVERVIEW  OF  CUHER 
RESOURCE  EFFECTIVENESS 
EVALUATION  MODEL 


CONCEPT  OF  OPERATIONS 


FIGURE  1-1 
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Evaluations  and  Scenario  Calculations.  Volume  I of  this  report  addresses  Concepts 
of  Operations,  or  the  specification  of  the  problem  by  the  user  of  the  model; 

Volume  III  contains  some  sample  problems  that  have  been  addressed  with  the  CREE 
Model . 

This  volume  first  presents  the  craft  selection  and  definition  of 
characteristics,  and  then  describes  and  develops  the  evaluation  procedures  for 
these  craft  performing  tasks,  sorties  and  scenarios.  Finally,  a procedure  is 
presented  whereby  the  results  of  the  CREE  Model  can  be  physically  related  to  the 
goals  of  Coast  Guard  Programs. 


! 
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2.0  RESOURCE  DEFINITION  AND  DESCRIPTION 


To  enable  accurate  evaluation  of  HPWC  and  conventional  craft  performing  in 
various  missions,  the  operational  and  technical  characteristics  of  the  vessels 
considered  must  be  known.  This  could  be  achieved  by  considering  several  specific 
designs  of  all  possible  HPWC  types;  for  example,  a 50-knot,  80-foot  Submerged 
Foil  Hydrofoil,  a 40-knot,  130-foot  Surface  Piercing  Foil  Hydrofoil,  a 60-knot, 
100-foot  Air  Cushion  Vehicle,  a 40-knot,  90-foot  Planing  Craft.  This  is  at  best 
a "shotgun"  approach,  however,  assuming  the  preferred  specific  designs  are  known 
in  advance. 

To  provide  flexibility,  a craft  characteristics  program  was  devised  as  part 
of  the  CREE  Model,  which  enables  the  user  to  specify  certain  critical  character- 
istics of  any  one  of  the  various  types  of  HPWC  or  conventional  craft  and  thereby 
fix  his  own  design.  Utilizing  numerous  computer-filed  design  relationships,  the 
output  of  the  Craft  Characteristics  program  provides  the  significant  technical 
and  operational  characteristics  for  the  craft  type  specified  by  the  user.  These 
craft  characteristics  then  form  the  starting  point  for  subsequent  calculations 
in  the  evaluation  procedure. 

For  existing  Coast  Guard  craft,  the  Craft  Characteristics  section  need  not 
compute  the  operational  and  technical  features,  as  these  are  known  quantities. 

In  this  case,  a list  of  these  known  data  is  produced  from  stored  tables.  No 
design  information  can  be  specified  by  the  user  for  such  craft  as  these  craft 
actually  exist. 

In  summary,  the  Craft  Characteristics  section  of  the  computer  program  pro- 
vides a list  of  distinctive  operational  and  technical  features  of  user-chosen 
HPWC  and  conventional  craft  based  upon  several  user-inputted  characteristics. 

2.1  Craft  Selection 


The  user  selects  the  craft  desired  for  evaluation  by  specifying  the 
following  four  Inputs:  (1)  craft  type,  (2)  size,  (3)  speed,  and  (4)  fuel 
fraction  of  total  useful  payload.  Only  the  TYPE  Code  need  be  specified  for  the 
CG  craft  (Types  101  through  112). 


selected. 


a.  The  Craft  TYPE.  Any  of  the  following  craft  types  can  be 


TYPE  CODE  CRAFT 
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11 

20 

21 

30 

40 
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70 
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Hydrofoil,  Submerged  Foil 

Hydrofoil,  Surface  Piercing  Foil 

ACV  (Air  Cushion  Vehicle)  - Low  cushion  pressure 

ACV  - High  cushion  pressure 

SES  (Surface  Effect  Ship) 

Planing  Craft 
Catamaran 

SWATH  (Small  Waterplane  Twin  Hull) 

Hybrid  Vessel 
Conventional  Craft 
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TYPE  CODE 

CRAFT 

101 

MRS 

26' 

102 

PWB 

32' 

103 

UTB 

41' 

104 

MLB 

44' 

105 

MLB 

52' 

106 

ANB 

55' 

107 

ANB 

63' 

108 

WPB 

82' 

109 

WPB 

95' 

110 

WMEC 

210 

111 

WMEC 

270 

112 

WHEC 

378 

b.  Craft  Size.  Either  the  length  of  the  craft  (feet)  or  dis- 
placement (tons)  must  be  specified  for  the  HPWC  or  Conventional  TYPES.  The 
limits  on  these  length  or  displacement  values  are  as  follows: 


TYPE  AND  CRAFT 

ACCEPTABLE  INPUT 

VARIATION  OF  SIZE 

LENGTH  (feet)  - 

DISPLACEMENT  (tons) 

10 

HYDROFOIL,  Submerged  Foil 

75-150 

65-250 

11 

HYDROFOIL,  Surface  Piercing 

70-150 

25-200 

20 

ACV,  Low  Cushion  Pressure 

65-135 

15-200 

21 

ACV,  High  Cushion  Pressure 

50-100 

15-150 

30 

SES 

100-150 

90-250 

40 

PLANING 

85-150 

40-275 

50 

CATAMARAN 

40-135 

10-140 

60 

SWATH 

100-300 

500-3500 

70 

HYBRID 

40-135 

10-140 

80 

CONVENTIONAL 

50-400 

30-3500 

c.  Craft  Speed.  The  maximum  design  speed  of  HPWC  or  Conven- 
tional craft  from  the  below-listed  set  of  design  speed  ranges  must  be  specified. 


MAX  VARIATION  OF 
SPEED  INPUT 


CRAFT  TYPE 

(KNOTS) 

10 

HYDROFOIL,  Submerged  Foil 

40-50 

11 

HYDROFOIL,  Surface  Piercing 

30-40 

20 

ACV,  Low  Cushion  Pressure 

50-70 

21 

ACV,  High  Cushion  Pressure 

40-60 

30 

SES,  High  Length  to  Beam  Ratio 

30-40 

40 

PLANING 

35-45 

50 

CATAMARAN 

30-40 

60 

SWATH 

15-25 

70 

HYBRID 

30-40 

80 

CONVENTIONAL 

15-30 

f 
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d.  Fuel  Fraction.  The  percentage  of  total  useful  payload  to  be 
carried  as  fuel  must  be  specified  as  a decimal  fraction,  Ff,  Ff  has  upper  and 
lower  limits  of  0.80  and  0.20  respectively. 

2 . 2 Craft  Characteristics 

As  discussed  earlier,  a large  num>  .,r  of  lIPWC  design  relationships 
have  been  developed  and  stored  as  computer-filed  information  in  the  craft  char- 
acteristics section  of  the  computer  program.  This  allows  the  user  to  obtain  a 
complete  listing  of  distinctive  craft  characteristics  for  the  craft  specified 
by  his  input.  Appendix  A contains  CALCOMP  plots  (computer-drawn  graphs)  of  this 
stored  information.  The  methodology  utilized  to  calculate  these  characteristics  • 

is  depicted  by  the  "Schematic  Diagram  for  Craft/Task  Evaluation"  shown  in 
Appendix  B.  This  diagram  portrays  each  step  necessary  to  calculate  the  charac- 
teristics and  indicates  at  what  point  in  the  arithmetic  procedures  the  file  j 

information  is  utilized. 

The  computer-filed  design  information  is  only  as  detailed  and  precise 
as  necessary  to  distinguish  between  the  different  capabilities  of  the  various 
types  of  HPWC  and  conventional  vessels;  the  relationships  used  are  linear,  piece- 
wise  linear,  or  logarithmic  approximations.  The  relationships  represent  present 
or  near-term  technology  and  are  general  in  nature.  The  program  will  provide 
distinctive  technical  and  operational  features  of  various  HPWC  only  to  that 
degree  of  precision  needed  to  accurately  evaluate  the  effectiveness  of  various 
craft  and  types  in  mission  scenarios.  The  program  will  not  provide  an  optimal 
design  from  a ship  designer's  viewpoint,  but  is  only  a tool  to  assist  in  the 
determination  of  the  suitability  of  various  craft  for  Coast  Guard  missions. 

I 

Table  2-1  Illustrates  the  craft  characteristics  output  format  and  ; 

content. 

t > 

r 

I ‘ 


TABLE  2-1 


CRAFT  CHARACTERISTICS  OUTPUT  PAGE  FORMAT 


CRAFT  CHAR 

A C 

TERISTTCS 

CRAFT  TYPE 

NAME 

DISPLACEWENT 

TONS 

LENGTH 

a 

FEFT 

DESIGN  SPEED 

// 

KNOTS 

FUEL  FRACTION 

it 

RATIO 

LENGTH 

if 

FEET 

BEAM 

it 

FEET 

DRAFT 

# 

FEET 

LENGTH/BEAM  RATIO 

it 

DRAFT/LENGTH  RATIO 

a 

DISPl ACEMENT 

» 

TONS 

SURVIVABILITY 

SEA  STATE 

TOWS  VESSELS  UP  TO 

if 

TONS 

USEABLE  DECK  AREA 

it 

SQUARE  FEET 

CARGO  CAPACITY 

it 

TONS 

FUEL  CAPACITY 

# 

TONS 

USEFUL  PAYLOAD 

// 

TONS 

INSTALLED  POWER 

it 

HORSEPOWER 

POWER  TO  WEIGHT 

it 

HP/TON 

TRANSPORT  EFFICIENCY 

// 

HP/TON-KNOT 

RANGF  AT  CRUISE  SPEED 

if 

NAUTICAL  MILES 

ENDURANCE  AT  CRUISE  SPFED 

it 

HOURS 

FLANK 

CRUISE  REDUCED  ON 

SPEED 

SPEED  SPEED 

scene 

ENGINE  TYPE 

(it  ) 

« it)  i if) 

at  » 

CALM  WATER  SPEED 

it 

it  it 

it 

KNOTS 

SFC  IWETGHT) 

if 

it  it 

it 

LBS/HP-HR 

SFC  (VOlUME) 

it 

it  it 

p 

GAL/HP-HR 

HP  UTILIZED 

a 

it  it 

p 

HP 

FUEL  CONSUMPTION 

it 

it  if 

p 

GAL/HR 

FUEL  CONSUMPTION 

» 

it  it 

p 

GAL/NAUT  MI 

ENDURANCE  (FUEL) 

it 

it  if 

it 

HOURS 

RANGE 

it 

it  it 

p 

NAUTICAL  MI 

TURNING  RADIUS 

if 

P it 

p 

YARDS 

CRAFT  MOTION 

it 

P P 

p 

6 

AV6  FUEl  RATE 

# 

it  it 

p 

GAL/HR 

AV6  SPEED 

P P 

p 

KNOTS 

TOW  SPEED 

it 

it  P 

p 

KNOTS 

3 . 0 TASK  EVALUATION 

A task  is  defined  as  the  lowest  level  of  discrete  activity  that  can  be 
identified  in  vessel  or  personnel  mission  performance.  One  of  the  basic  premises 
of  the  model  is  that  the  most  elementary  level  of  craft  comparison  is  made  at  the 
task  level. 


When  evaluating  craft  performance  of  a task,  two  distinct  aspects  of  this 
performance  must  be  addressed,  i.e.,  how  much  can  be  completed  and  how  well  is 
it  done.  In  this  model,  the  quantity  of  task  accomplishment  is  represented  by 
the  probability  of  successfully  completing  any  given  task,  and  quality  of  per- 
formance is  described  by  quality  indicators  such  as  time  to  complete  the  task, 
and  the  fuel  used  in  completing  the  task. 

This  section,  TASK  EVALUATION,  addresses  both  aspects  of  this  evaluation 
and  presents  the  rationale  used  to  quantify  these  two  components. 

To  evaluate  craft  performance  of  the  many  tasks  included  in  this  model,  it 
first  should  be  noted  that  this  model  only  considers  task  accomplishment  and 
performance  as  it  is  dependent  upon  craft  selection,  and  that  several  different 
tasks,  from  the  sole  consideration  of  craft  selection,  may  be  equivalent.  For 
example.  Fighting  Fire  on  Another  Vessel  is  obviously  vastly  different  from 
Seizing,  but  from  the  CG  craft  point  of  view,  both  require  the  CG  craft  to  wait 
while  on  the  other  vessel  a fire  is  put  Out  or  a seize  is  performed.  In  both 
cases,  therefore,  the  action  of  the  CG  craft  is  the  same.  It  is  organizationally 
most  convenient  to  assemble  all  such  similar  tasks  into  sets  so  that  each  task 
within  any  given  set  can  be  evaluated  in  the  computer  in  the  same  manner.  This 
effectively  reduces  the  total  number  of  tasks  that  must  be  considered  yet  does 
not  reduce  the  accuracy  of  the  model.  The  sets  are  called  Master  Tasks,  and 
each  individual  task  will  have  a corresponding  Master  Task.  Table  3-1  is  a 
Master  and  Individual  Task  listing. 

3.1  Quantity  of  Task  Accomplishment  - Probability  of  Success 


The  probability  of  successfully  completing  a task  is  indicative  of  the 
quantity  of  achievement,  and  can  be  used  to  realistically  represent  how  much  of 
a given  job  or  workload  can  be  accomplished.  Although  there  is  a degree  of 
uncertainty  when  expressing  the  quantity  of  accomplishment  by  a probability  of 
success,  several  attractive  features  of  this  procedure  make  the  probability  of 
success  a highly  desirable  measure. 

Assuming  more  work  performed  is  better,  larger  values  of  probability 
of  success  are  better.  Moreover,  in  a comparison  of  two  probabilities  of  success, 
a value  of  0.80  is  twice  as  good  as  a value  of  0.40.  Since  a probability  of 
success  can  be  easily  understood  and  physically  interpreted  , numerical  solutions 
expressed  as  probabilities  of  success  are  more  palatable  to  the  non-analyst 
< reviewer  or  decision  maker.  Finally,  since  a probability  of  success  represents 
yes/no  situations,  it  can  be  experimentally  measured,  thereby  providing  an  ideal 
validation  procedure. 
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TABLE  3-1 


MASTER-INDIVIDUAL  TASK  LIST 


SPEED 

CATEGORY 

MASTER  TASKS 

INDIVIDUAL  TASKS 

ASSIST 

-General  Assistance 

BOARD 

-Board 

-Retrieve  Boarding  Party 

MONITOR  ACTIVITIES 

-Monitor  Activities 

-Monitor  Oil  Spill 

-Stake-out  Special  Interest  Vessel 

ON 

RETRIEVE 

-Retrieve  Objects 
-Retrieve  People 

SCENE 

TASKS 

WAIT 

-Fight  Fire  on  Another  Vessel 

-Inspection 

-Loiter 

-On  Board  Assistance 
-On  Scene  Commander 
-Seize 

-Work  Equipment  from  Small  Boat 

WORK  EQUIPMENT  AT  DRIFT 

j -Work  Equipment  at  Drift 

1 

WORK  EQUIPMENT 

AT  POSITION 

-Fight  Fire  from  CG  Vessel 

-Load  Equipment 

-Launch  Small  Boat 

-Retrieve  Small  Boat 

-Take  Water  Sample 

-Unload  Equipment 

-Work  Equipment  at  Fixed  Position 

SEARCH  DISTRESSED  UNIT 

-Search  for  distressed  unit 

REDUCED 

SPEED 

TASKS 

SLOW  ESCORT 

-Slow  Escort 

SEARCH  PEOPLE 

-Search  for  People 

SLOW  PATROL 

-Slow  Patrol 

TOW 

-Tow 

ESCORT 

-Escort 

CRUISE 

SPEED 

TASKS 

IDENTIFY 

-Identify  Craft 
-Identify  Fleet 

PATROL 

-Patrol 

SEARCH  TARGET 

-Search  for  ship 

TRANSIT 

-Search  for  Fleet 
-Transport  People 
-Transit 

TRANSPORT 

-Transport  Equipment 

FLANK 

SPEED 

TASKS 

RESPOND 

-Dash 

-Interdict 

A 


3.1.1  Definition  of  Probability  of  Success 


In  this  model  the  probability  of  success  is  defined  as  the 
ratio  of  the  number  of  times  a task  is  successfully  performed  to  the  number  of 
times  it  was  attempted.  The  probability  of  a craft  successfully  completing  a 
task  is  dependent  upon  the  capabilities  and  limitations  of  the  craft  (craft 
characteristics),  and  upon  the  operational  requirements,  such  as  the  sea  state, 
visibility,  distances  and  workload.  These  factors  affecting  the  probability  of 
success  are  each  numerically  described  by  parameters,  which  range  in  value 
between  0.0  and  1.0,  and  which  express  a degrading  effect  upon  an  initially 
assumed  perfect  task  performance.  The  probability  of  success  of  a task  is 
obtained  by  multiplying  each  of  the  parameters  together. 


N 

Probability  of  Success  (Task)  =7rpAi 

i=l 

where  N is  the  total  number  of 

parameters  (PA)  multiplied 
together 

Since  parameters  reflect  the  degradation  in  the  quantity  of 
work  that  can  be  performed  due  to  a particular  factor,  multiplication  of  the 
parameters  is  a legitimate  method  of  combining  all  of  the  factors  affecting  task 
performance  to  obtain  a task  probability  of  success,  assuming  we  have  chosen 
factors  that  are  independent. 

3.1.2  Parameters 

The  parameters  described  below  illustrate  the  aforementioned 
degradation  of  craft  capability  and  operational  requirements  upon  task  com- 
pletion or  probability  of  success. 

CARGO  CAPACITY  (CC)  indicates  whether  or  not  cargo  can  be 
carried  on  board  a given  craft.  Cargo  required  to  be  transported  is  specified 
by  two  numbers,  its  weight  and  "footprint"  area.  Similarly  the  craft  capacity 
is  characterized  by  the  two  analagous  quantities,  its  cargo  weight  capacity  and 
its  deck  area  available  for  cargo  stowage.  If  the  craft's  deck  area  and  cargo 
capacity  are  both  greater  than  or  equal  to  the  cargo  weight  and  footprint,  then 
the  craft  is  able  to  carry  the  piece  of  cargo. 


form: 


CC  is  calculated  using  the  following  Kronecker  Delta  product 

CC  = 6a  * «A 

where:  6a  = 1 if  deck  area  footprint 

of  cargo,  zero  otherwise 

6a  = 1 if  cargo  capacity  ^ cargo/ 
gear  weight,  zero  otherwise 


CC  is  then,  a four  argument  function  (craft  area  and  capacity  and  cargo  area  and 
weight)  which  must  satisfy  the  above  rules.  It  has  only  two  values  (1  or  0) 
depending  upon  the  gear  being  considered. 

The  footprint  and  weight  of  the  cargo  must  be  specified  by  the 
user  whenever  the  scenario  contains  a Transport  Equipment  task.  The  craft  deck 
area  and  cargo  capacity  are  calculated  in  the  Craft  Characteristics  section  of 
the  computer  program  for  the  specific  craft  under  consideration.  Note  that  a 
craft's  cargo  capacity  (weight)  is  influenced  by  the  user's  choice  of  fuel 
fraction  which  is  his  specification  of  the  percentage  of  total  useful  payload  to 
be  devoted  to  fuel.  The  craft  deck  area  and  cargo  capacity  are  also  a function 
of  the  type  and  size  of  craft  specified  by  the  user. 

TOW  PARAMETER  (TW) . Since  all  vessels  are  limited  in  the 
maximum  size  of  the  vessel  they  can  tow,  the  TOW  PARAMETER  quantifies  the  towing 
capability  of  a craft  with  respect  to  a user-supplied  distribution  of  vessels  to 
be  towed.  In  setting  up  the  problem  for  investigation,  the  user  specified  this 
distribution  of  vessels  to  be  towed  by  using  either  available  SAR  data  or  his 
own  estimates.  To  arrive  at  the  value  for  TW,  this  distribution  is  integrated 
from  zero  to  the  maximum  size  of  vessel  that  can  be  towed  by  the  craft  under 
consideration. 

Amax 


where : 

P(A)  is  the  probability  distribution 
of  vessels  to  be  towed 

Amax  is  the  maximum  size  of  tow  by 
craft  under  consideration 

This  number,  TW,  is  then,  the  fraction  of  all  vessels  required 
to  be  towed  which  can  be  towed  by  the  considered  craft.  Since  the  towing  dis- 
tribution can  be  varied  by  the  user,  the  value  for  TW  changes  with  different 
distributions  specified.  It  should  be  noted  that  all  towing  is  performed  at  a 
user- inputted  reduced  speed,  but  speed  does  not  affect  the  value  of  TW. 

These  points  and  others  are  highlighted  in  Figure  3-1,  Tow 
Parameter  Trend  Diagrams,  where  TW  is  shown  to  increase  as  towing  ability 
Increases  and  decrease  as  the  size  of  the  towed  vessels  increases. 

The  following  algorithm  is  used  to  determine  the  size  of  the 
average  vessel  towed:  the  cumulative  probability  of  the  towing  distribution 
(CPT)  at  the  craft's  maximum  towing  capability  (Amax)  is  divided  by  two,  and  the 
curve  re-entered  with  this  value  of  CPT^max  as  shown  in  Figure  3-2.  This  yields 
a "one-half"  or  average  value  of  vessels  towed  (Atow) . 

The  towing  speed  associated  with  Atow  is  determined  using 
Figure  3-3  wherein  Acraft  is  the,  displacement  of  the  craft  being  evaluated  in 
the  model. 
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Towing  Ability 


Size  of  Towed  Craft 


Figure  3-1  TOW  PARAMETER  TREND  DIAGRAM 


Cumulative 
Probability 
of  Towing 


Displacement  of  Vessel  Towed 


PROCEDURE  TO  DETERMINE  SIZE  OF 
AVERAGE  VESSEL  TOWED 


'•  i 

^ ■ 

I 

I 

{ 


L2 


in i Knot 


DETERMINATION  OF  TOWING  SPEED 


20  40  60 

Depth  of  Water  "h" (feet) 

3-4  TYPICAL  DEPTH  OF  WATER 
DISTRIBUTION  CURVE 


DRAFT  PARAMETER  (DF)  indicates  the  fraction  of  the  area  a given 
craft  can  operate  in  due  to  the  depth  of  water.  Given  an  area  of  required 
operation,  a curve  of  "fractional  areas  with  depth  less  than  depth  h"  versus 
"depth  of  water  h"  must  be  developed.  Such  a curve  is  shown  in  Figure  3-4, 
Typical  Depth  of  Water  Distribution  Curve. 

An  operational  restriction  for  a craft  may  be  imposed,  such  as 
only  operating  in  charted  waters  where  the  mean  water  depth  is  2.5  times  the 
draft  of  the  craft.  The  fraction  of  the  operating  area  in  which  the  craft  could 
be  operated  safely  with  such  a restriction  could  be  read  from  the  curve. 

To  calculate  values  for  this  parameter,  the  operating  region 
must  be  known  and  accurate  charts  must  be  available  to  develop  the  fractional 
area  curve.  To  date,  this  parameter  has  not  been  fully  incorporated  into  the 
model  and  a value  of  1.0  is  used  when  DF  is  required.  Thus,  in  the  present  form 
of  the  model,  craft  draft  has  no  effect  on  probability  of  success  which  is  the 
same  as  assuming  that  there  is  deep  water  throughout  the  entire  operating  region. 

MANEUVERABILITY  PARAMETER  (MN) . In  this  study,  low  and  high 
speed  maneuverability  are  considered  separately,  and  quantified  as  fractions  of 
vessel  size  and  turning  radius  respectively. 

Low  speed  maneuverability  is  considered  to  be  independent  of 
craft  type.  This  assumes  that  any  desired  maneuverability  characteristics,  such 
as  helm  response,  turning  radius,  acceleration  or  stopping  abilities,  can  be 
designed  and  built  into  any  of  the  high  performance  or  conventional  craft.  This 
is  a realistic  assumption  as  many  maneuver-assisting  devices  are  available  for 
each  craft  type.  Some  of  these  devices  include  controllable  pitch  propellers, 
bow  thrusters,  rotating  pylons,  twin  shafts,  or  sophisticated  control  systems. 

At  low  craft  speeds,  the  maneuvering  forces  on  any  craft  type  are  comparable, 
given  equal  size  vessels.  Viewed  in  another  way,  it  can  be  said  that  smaller 
vessels  are  more  maneuverable  than  large  vessels.  It  follows,  therefore,  that, 
vessel  size  (length)  is  an  adequate  indicator  of  the  maneuverability,  and  is  so 
used  in  this  model. 

The  low  speed  maneuverability  parameter  is  defined  as  the 
effect  of  length  upon  the  performance  of  low  speed  tasks.  The  parameter  value 
for  any  given  length  is  shown  in  Figure  3-5,  Low  Speed  Maneuverability  Versus 
Craft  Size. 

High  speed  maneuverability  is  a function  of  craft  type  in  that 
the  directional  stability  and  controllability  of  a craft  is  inherently  a function 
of  the  hull  form.  Fortunately,  sufficient  high  speed  turn  rate  data  is  avail- 
able for  each  craft  type  so  that  this  model  can  consider  turning  radius  as  the 
indicator  of  craft  maneuverability  at  high  speed.  Turning  radius  is  the  product 
of  craft  speed  and  the  reciprocal  of  turn  rate,  and  is  calculated  in  the  Craft 
Characteristics  section  of  the  program  for  all  speeds.  The  parameter  value  for 
any  given  turning  radius  is  shown  in  Figure  3-6,  High  Speed  Maneuverability 
Versus  Turning  Radius. 
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Maneuverability 


Value 


100  200  300 

Craft  Length (Feet) 

LOW  SPEED  MANEUVERABILITY 
VERSUS  CRAFT  SIZE 


Maneuverability 


Value 


I 1000  1500 

ning  Radius (Yards) 

high  SPEED  MANEUVERABILITY 
VERSUS  TURNING  RADIUS 


Figure  3-6 
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Figure  3-7  DETERMINATION  OF  SEAKINDLINESS 

PARAMETER  VALUES 


. 4 

Probability 


TABLE  3-2 


MAXIMUM  ACCEPTABLE  LEVELS  OF  CRAFT  MOTION 


MAXIMUM 

SPEED 

ACCEPTABLE 

CATEGORY 

MASTER  TASK 

CRAFT  MOTION 

(G's) 

Assist 

.7 

Board 

.6 

ON 

Monitor  Activities 

.8 

SCENE 

Retrieve 

.5 

TASKS 

Wait 

.9 

Work  Equipment  at  Drift 

.5 

Work  Equipment  at  Position 

.5 

Search  Distressed  Unit 

1.0 

REDUCED 

Search  People  and  ObiectS-. 

1.0 

SPEED 

Slow  Escort 

N/A 

TASKS 

Slow  Patrol 

N/A 

Tow 

1.0 

Escort 

N/A 

CRUISE 

Identify 

1.0 

SPEED 

Patrol 

N/A 

TASKS 

Search  Target 

1.0 

Transit 

N/A 

Transport 

N/A 

FLANK 


Respond 


N/A 


SEAKINDLINESS  PARAMETER  (SK) . The  Seakindllness  Parameter 
indicates  the  fraction  of  task  occurrences  that  can  be  performed  successfully 
when  the  performance  of  the  task  is  hindered  or  prevented  by  craft  motion  due  to 
the  sea  state.  The  procedure  for  determining  the  value  of  the  SK  parameter  is 
outlined  below. 


For  a given  task,  the  limit  of  maximum  craft  motion  where  the 
task  can  no  longer  be  performed  is  identified.  Using  the  craft  motion  versus 
sea  state  envelopes  of  the  Craft  Characteristics  section  of  the  program,  the  sea 
state  at  which  this  motion  occurs  is  determined.  This  is  a function  of  the 
craft  type,  size  and  task  speed.  The  sea  state  distribution  specified  by  the 
user  when  setting  up  the  problem  is  then  integrated  from  zero  to  this  maximum 
acceptable  motion  value  of  sea  state.  The  resulting  number  is  the  fraction  of 
the  total  number  of  times  which  that  task  may  be  successfully  performed. 


Figure  3-7,  Determination  of  Seakindliness  Parameter  Valu<;s, 
illustrates  this  procedure,  and  Table  3-2  shows  the  maximum  acceptable  levels  of 
craft  motion  for  all  tasks. 

The  GO  FRACTION  PARAMETER  (GO)  indicates  the  probability  that  a 
craft  can  achieve  speeds  in  a seaway  greater  than  some  established  minimum 
speed.  Any  speed  less  than  the  minimum  speed  is  "inordinately  slow,"  hence  not 
worth  going  and  equivalent  to  a "NO  GO."  For  Flank,  Cruise,  Reduced  Speed  and 
On  Scene,  these  lower  speed  limits  are  chosen  to  be  15,  8,  5 and  zero  knots, 
respectively.*  The  sea  state  which  limits  the  craft  to  the  acceptable  minimum 
speed  is  read  from  the  speed-sea  state  envelope  for  each  selected  steaming 
speed.  The  sea  state  probability  is  then  integrated  from  zero  to  this  speed, 
SS(V) . 

SS(V) 

GO  5 r p(SS)dSS 


where:  P(SS) 


is  the  probability 
of  sea  state 


SS(V)  is  the  sea  state  of 

the  lower  speed  limit 

GO  is  dependent  upon  the  choice  of  the  "Inordinately  slow 
speed,"  the  sea  state  distribution,  and  the  craft  speed-sea  state  envelope. 

This  parameter  is  computed  for  all  selected  steaming  speeds. 

The  relationship  of  GO  to  these  variables  may  be  seen  in  Figure 
3-8,  GO  Parameter  Trend  Diagrams. 

*These  lower  speed  limits  for  the  GO  Parameter  affect  the  probability  of 
success  for  every  task  through  the  Limiting  Sea  State  (LS)  Parameter  (see  Table 
3-2).  Hence,  the  results  of  the  CREE  Model  are  very  sensitive  to  these  speed 
limit  values. 
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GO  PARAMETER  TREND  DIAGRAMS 


SURVIVABILITY  PARAMETER  (SU) . The  survivability  parameter  is  a 
measure  of  the  maximum  sea  state  which  a craft  can  endure  and  then  continue  on 
its  mission.  Sea  states  higher  than  the  survivability  sea  state  do  not  mean 
that  the  craft  sinks,  only  that  it  is  totally  unable  to  operate  in  the  specified 
environment.  SU  is  calculated  by  integrating  the  sea  state  probability  distri- 
bution between  the  limits  of  zero  and  the  survivability  sea  state  of  the  craft. 

The  survivability  sea  state  is  a function  of  the  type  and  size  of  craft  and  is 
calculated  for  the  specific  craft  under  consideration  in  the  Craft  Characteristics 
section  of  the  program. 

LIMITING  SEA  STATE  PARAMETER  (LS) . The  GO,  SURVIVABILITY  and 
SEAKINDLINESS  parameters  each  express  the  fraction  of  expected  seaways  in  which 
a craft  can  successfully  perform  a given  task.  Since  the  sea  state  is  the 
limitation  in  each  of  these  parameters,  the  effect  of  sea  state  upon  task  per- 
formance would  be  triple  weighted  in  the  task  probability  of  success  if  all 
three  parameters  were  considered.  It  is  necessary  therefore  to  define  a Limiting 
Sea  State  parameter  which  is  the  minimum  of  any  of  the  "sea  state"  parameters 
previously  discussed.  The  use  of  the  Limiting  Sea  State  parameter  therefore, 
allows  the  task  probability  of  success  calculations  to  consider  only  the  single 
most  significant  degradation  in  task  performance  due  to  sea  state. 


3.1.3  Summary  of  Task  Probability  of  Success 


The  task  probability  of  success  is  the  product  of  five  parameters 

(1)  CC  (Cargo  Capacity) 

(2)  DF  (Draft) 

(3)  MN  (Maneuverability) 

(4)  LS  (Limiting  Sea  State) 

(5)  TW  (Tow) 

The  parameters  represent  the  degree  of  degradation  in  task 
completion  due  to  their  topical  or  subject  effect.  If  a parameter  has  no  effect 
on  a task  its  value  is  unity  and  does  not  decrease  the  task  probability  of 
success. 


Table  3-3,  a Task-Parameter  Influence  Matrix,  shows  which 
parameters  influence  the  tasks  considered  in  this  model,  and  Table  3-A  illustrates 
the  parameter  output  content  and  format  of  the  Craft/Task  Evaluation  element  of 
the  computer  program. 

3 . 2 Quality  Indicators  of  Task  Performance 

Task  probability  of  success  provides  an  excellent  Indication  of  the 
quantity  of  work  that  can  be  performed,  however  it  gives  no  information  on  the 
quality  of  performance,  or  how  well  a task  is  performed.  In  general,  when 
evaluating  craft  performance,  two  significant  indicators  of  quality  are  the  time 
required  to  complete  the  task,  and  the  amount  of  fuel  consumed  while  performing 
the  task.  Other  factors,  like  craft  habitability  during  task  performance,  can 
be  considered  if  desired,  but  because  these  "softer"  indicators  do  not  affect 
ability  to  perform  a task,  they  tend  to  obfuscate  the  evaluation  process  by 
increasing  the  volume  of  information  that  must  be  digested. 

It  should  be  pointed  out  that  this  discussion  focuses  upon  quality 
indicators  while  performing  a task.  The  craft  related  features  of  range, 
endurance,  complement,  and  so  forth  are  a separate  matter  and  should  not  be 
confused  with  the  indicators  describing  how  well  a task  is  performed. 

3.2.1  Time  to  Perform  a Task 


The  time  to  perform  any  given  task  may  be  dependent  upon  a 
variety  of  items  depending  upon  the  particular  task.  Consequently,  each  task 
must  be  considered  individually  in  the  "time"  calculation  procedures.  In 
general,  however,  the  time  to  perform  most  tasks  is  a function  of  the  opera- 
tional requirements,  or  the  user  stated-inputs  that  Initiate  the  problem,  and 
the  characteristics  of  the  craft  performing  the  task. 

For  example,  the  distances  specified  by  the  user  in  his 
scenario  construction  and  the  craft  speed  in  the  sea  state  determine  the  time 
required  to  transit  from  a home  port  to  the  patrol  or  on  scene  area.  As  a 
further  level  of  sophistication  in  this  transit  time  example,  the  visibility 
distribution  specified  by  the  user  is  taken  into  account  when  calculating  the 
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TABLE  3-4 


CRAFT  PARAMETERS  OUTPUT  PAGE  FORMAT 
C P « F T P A U A fw  F T E U S 


CRAFT  TYPE 
DISPLACEPEfvT 
LE  NGTH 

OFSIGh  SPFFn 
FUEL  FRACTION 

wISI.311  TTY  DISTRTRUTION  NO.  // 
TOI«  OISTRIhUTION  no,  # 

UEPTH  nivSTHlIlUTlON  MO.  # 

SEA  STATE  niSTRinUTIOM  liO.  # 
(AVFHARF  SE'A  STATF=  # ) 


TASK 

CORE 

CARGO 

OPCTY 

DRAFT 

PANEIIV 

SE  A 
STATE 

TOl«g 

CC 

DF 

MU 

LS 

TW 

NAME 

# TOUR 

//  feet 

if  KNOTS 
if  RATIO 


ON  SCENE: 
asst 

if 

if 

if 

if 

if 

ASSIST 

noR[) 

if 

if 

if 

if 

if 

ROAKO 

MNAC 

if 

if 

if 

if 

if 

WONITOR  ACTIVITIES 

RTRV 

if 

if 

if 

if 

if 

RETRIFVF 

WAIT 

if 

if 

if 

if 

if 

WAIT 

WEOU 

if 

if 

if 

if 

if 

WORK  FGUlPMFrgT  n DRIFT 

WEOP 

if 

if 

if 

if 

if 

WORK  FGUIPNENT  E POSITION 

PEDUcEn  speed: 

SDIU  # 

if 

if 

if 

if 

SEARCH  FOR  niSTRESSFD  liNTT 

SESC 

if 

if 

if 

if 

if 

SLOW  FSCOHT 

SPAT 

if 

if 

if 

if 

if 

SLOW  PATROL 

SPFO 

if 

if 

if 

if 

if 

SFARCH  FOR  PEOPLE 

TOWS 

if 

if 

if 

if 

if 

TOWS 

CRUISE  SPEED 
ESCT 

• 

• 

if 

if 

if 

if 

if 

ESCORT 

lOMT 

if 

if 

if 

if 

if 

TPFNTTF Y 

PATL 

if 

if 

if 

if 

if 

PATROI 

STGT 

if 

if 

if 

if 

if 

SEARCH  FOR  TARGET 

TRPT  **** 

if 

if 

if 

if 

transport 

TKST 

if 

if 

if 

if 

if 

TRANSIT 

flank  sf'FEn: 

RSPD  # //  # 

DFPFNDLfJT  UPON  SCFMARTO 


# RFSPONL 


( E . *■» 


I 
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time  required  for  this  transit  because,  with  reduced  visibility,  the  craft  will 
not  be  able  to  steam  at  the  maximum  allowable  by  the  craft  speed-sea  state 
relationship,  but  at  some  slower  speed  for  safety  purposes. 


Appendix  C presents  the  equations  and  algorithms  used  to  I 

calculate  the  times  to  complete  all  of  the  Master  Tasks  in  this  model  with  the 
exception  of  certain  search  type  tasks  which  are  presented  in  Appendix  D,  The 
Search  Task  Equation  Development. 

3.2.2  Fuel  Consumed  During  Task  Performance 

Given  the  "time  to  complete"  any  task  from  the  foregoing,  and 
the  craft's  fuel  consumption  rate,  the  fuel  consumed  is  the  product  of  the  task 
time  and  the  craft's  fuel  consumption  rate.  It  is  important  to  note  that  the 
; craft's  fuel  consumption  rate  is  a function  of  the  speed  of  the  craft  while  it 

is  performing  the  particular  task,  and  that  the  Craft  Characteristics  section  of 

the  program  provides  these  fuel  consumption  rates  for  the  speeds  used  in  this 

model.  I 

[ 3.3  Overall  Task  Evaluation  ! 

[ i 

The  primary  evaluation  of  craft  performance  of  a task  is  the  proba-  j 

bility  of  success  as  this  number  indicates  "how  much"  a given  craft  can  be  j 

expected  to  accomplish.  Table  3-5  illustrates  the  computer-output  format  for 
Master  Task  Probabilities  of  Success. 

Inasmuch  as  the  probability  of  success  only  considers  completion  or  i 

non-completion  of  a task,  the  two  quality  indicators  of  task  time  and  fuel 
consumed  are  also  necessary  ingredients  of  task  evaluation.  These  two  quality 
indicators  more  fully  describe  the  successfully  completed  tasks  and  thus  provide  i 

the  user  of  the  model  with  a clearer  insight  into  the  overall  expected  task  i 

performance.  i 

The  probability  of  success  and  the  quality  indicators  used  to  evaluate 
craft  performance  of  a task,  are  highly  dependent  upon  two  items,  first,  the 
user-inputed  operational  requirements,  such  as  expected  sea  state,  and  second, 
the  craft  characteristics  themselves.  Any  evaluation  should  precede  with  an 
understanding  of  how  different  operational  requirements,  or  different  char- 
acteristics would  affect  the  model  results. 

In  short,  before  specific  recommendations  based  upon  these  outputs  are 
made,  the  user  should  expect,  fully  understand  and  be  able  to  explain,  the 
i numerical  values  calculated  and  outputted  by  this  model. 

i 
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TABLE  3-5 


TASK  PROBABILITY  OF  SUCCESS  OUTPUT  PAGE  FORMAT 


TASK  PROBARILITTES  OF  SUCCESS 


CRAFT  TYPE 

DISPLACEMENT 

LENGTH 

DESIGN  SPEED 
Fuel  fraction 


NAME 

« TONS 

# FEET 

# KNOTS 
I RATIO 


VISIBILITY  DISTRIBUTION  NO.  # 
TOW  DISTRIBUTION  NO.  # 

DEPTH  DISTRIBUTION  NO.  # 

SEA  STATE  DISTRIBUTION  NO.  # 
« AVERAGE  SEA  STATEs  # ) 


TASK  TASK  PROS.  TASK 

CODE  OF  SUCCESS 


ON  SCENE: 

ASST 

# 

ASSIST 

BORO 

# 

BOARD 

MNAC 

# 

MONITOR  ACTIVITIES 

RTRV 

# 

RETRIEVE 

WAIT 

# 

WAIT 

WEQO 

# 

WORK  EQUIPMENT  a DRIFT 

WEQP 

# 

WORK  EQUIPMENT  8 POSITION 

REDUCED  SPEED 
SDIU 

*#  * 

SEARCH  FOR  DISTRESSED  UNIT 

SESC 

# 

SLOW  ESCORT 

SPAT 

# 

SLOW  PATROL 

SPED 

# * 

SEARCH  FOR  PEOPLE 

TOWS 

« 

TOWS 

CRUISE  speed: 

ESCT 

# 

ESCORT 

IDNT 

# 

IDENTIFY 

PATL 

# 

PATROL 

STGT 

# * 

SEARCH  FOR  TARGET 

TRPT 

***** 

transport 

TRST 

# 

TRANSIT 

! 

! 


FLANK  speed: 

RSPO  # RESPOND 


* THIS  IS  the  P.O.S.  of  THE  ABILITY  TO  SEARCH,  CRAFT"S  SUCCESS 
IN  FINDING  THE  OBJECT  OF  THE  SEARCH  IS  DEPENDENT  UPON 
scenario  (E.G.t  SEARCH  AREA) 


DEPENDENT  UPON  SCENARIO  (E.G.t  FOOTPRINT  AND  WEIGHT  OF  CARGO) 
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4.0  SORTIES 


This  model,  which  uses  flow  chart  scenarios  to  represent  program  or  mission 
activity,  defines  a sortie  as  any  complete  path  of  the  flow  chart.  In  a typical 
I flow  chart  scenario,  there  are  a large  number  of  possible  paths,  and  hence  a 

{ large  number  of  sorties.  Each  sortie  then  represents  a different  sequence  of 

[ activity  in  one  scenario,  and  is  a specific  sequence  of  tasks. 

I 

‘ The  sortie  is  the  next  higher  level  of  activity  above  a task,  and  can 

, physically  be  described  as  any  typical  SAR  case,  harbor  oil  spill  patrol,  or 

daily  fishing  fleet  identification  and  inspection  operation.  Generally  speaking 
a sortie  implies  a daily  sequence  of  activities,  starting  and  terminating  from 
the  same  location,  however  this  does  not  necessarily  have  to  be  the  case.  Any 
■ complete  sequence  of  tasks  from  a scenario  is  a sortie,  even  if  it  requires  more 

! ' than  twenty-four  hours  to  complete. 

t 

4 . 1 Sortie  Evaluation  Procedure 

As  a logical  extension  of  task  evaluation,  it  might  be  expected  that 
the  sortie  evaluation  procedure  would  consist  of  multiplying  the  probabilities 
of  success  of  all  the  sequenced  tasks  together  to  obtain  a level  of  sortie 
performance.  Unfortunately  this  method  will  not  provide  a realistic  value  for  a 
sortie  performance  primarily  because  of  the  dependence  or  coupling  between 
similar  parameters  in  different  tasks. 

For  example,  sea  state  usually  affects  more  than  one  task  in  a sortie, 
and  the  same  sea  state  affects  successful  completion  of  different  tasks  in  the 
sequence.  Thus  multiplying  the  task  probabilities  of  success  together  to  obtain 
a value  for  sortie  performance  would  compound  the  effect  of  sea  state  in  sortie 
evaluation. 

Similar  coupling  or  dependence  also  exists  between  other  parameters. 

In  addition,  careful  examination  of  typical  sorties  illustrates  that  the  sortie 
performance  should  be  independent  of  the  number  of  sequenced  tasks;  otherwise, 
more  meticulous  scenario  construction,  i.e.,  more  detailed  representation  of  the 
operation  by  the  use  of  more  tasks,  would  decrease  the  sortie  performance. 

With  these  initial  thoughts  in  mind,  and  recalling  that  task  proba- 

Ibilities  of  success  are  products  of  parameters  which  describe  craft  characteristics, 

workload  and  environmental  conditions,  a method  of  calculating  a value  for 
sortie  performance  is  to  synthesize  one  using  the  product  of  parameters. 

Since  each  task  is  described  by  a value  for  each  parameter,  and  since 
a sortie  is  a sequence  of  tasks,  a sortie  can  be  completely  described  by  a 
; matrix  of  parameter  values.  To  quantify  the  sortie  performance  from  these 

matrix  entries,  the  minimum  value  of  each  major  parameter  is  selected.  The 
minimum  value  is  chosen  because  the  minimum  value  of  the  parameter  corresponds 
> to  the  maximum  degradation  effect  of  the  parameter  on  any  task  in  the  sortie. 

It  is  assumed  that  the  effect  of  the  parameter  on  the  other  tasks  of  the  sortie 
is  "included"  in  that  minimum  value. 
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TABLE  A-1 


CALCULATION  OF  SORTIE  PROBABILITY  OF  SUCCESS 


The  minimum  values  are  multiplied  together  as  shown  in  Table  4-1.  The 
value  obtained  is  called  a sortie  probability  of  success. 

As  can  be  seen  in  Table  4-1,  the  product  of  the  task  parameter  values 
provides  the  task  probability  of  success  (horizontal  multiplication) . Selecting 
the  minimum  value  of  each  parameter  from  the  matrix  (vertically) , and  multi- 
plying these  values  together  provides  a more  realistic  value  for  sortie  per- 
formance. In  Table  4-1,  this  value  is  0.76  or  76  percent.  Multiplying  each 
task  probability  of  success  together  exceeds  the  "one  time"  influence  of  the 
parameter  on  the  sortie,  resulting  in  an  unrealistically  low  value  for  sortie 
probability  of  success.  In  this  example,  such  an  improper  procedure  would  cause 
the  sortie  probability  of  success  to  be  0.51  or  51  percent. 

4.2  Elimination  of  Unrealistic  Sorties 

Since  sorties  are  the  individual  paths  of  a flow  chart  scenario,  and 
since  most  scenarios  will  make  use  of  iterative  or  feedback  loops,  it  is  theo- 
retically possible  to  have  sorties  which  would  take  an  unreasonable  amount  of 
time  to  complete. 
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To  eliminate  consideration  of  these  improbable  sorties  in  both  sortie 
evaluation  and  later  in  scenario  evaluation,  running  totals  of  the  time  to 
complete  each  task  and  the  fuel  consumed  during  the  performance  of  each  task  are 
tallied.  If  the  time  to  complete  a sortie  exceeds  a user  inputed  Maximum  Sortie 
Duration  time,  that  particular  sortie  is  eliminated  from  further  consideration. 
Likewise,  if  the  fuel  consumed  during  the  course  of  completing  a sortie  exceeds 
the  fuel  capacity  of  the  craft  under  consideration,  the  same  procedure  is 
followed  and  the  sortie  is  not  evaluated.  Regarding  this  fuel  consumption 
procedure,  the  user  can  make  use  of  an  additional  input  in  his  scenario,  a Range 
Fraction  input,  which  is  his  limitation  of  the  fraction  of  the  total  craft  fuel 
capacity  that  may  be  used  in  completing  any  sortie. 

Thus,  those  sorties  that  exceed  the  endurance  or  range  of  the  craft 
are  eliminated  from  the  evaluation  calculations  and  only  realistic  sorties  are 
considered. 

The  Craft/Task  Evaluation  element  of  the  model  produces  for  each 
completed  sortie,  a listing  of  the  Functional  Task  Groups  and  individual  tasks 
of  the  sortie,  together  with  the  task  times,  task  fuel  consumption  and  task 
probability  of  success  values.  In  addition,  this  Sortie  Output  page  lists  the 
sortie  probability  of  success  and  frequency  of  occurrence  values.  A typical 
Sortie  Output  page  is  shown  in  Table  4-2. 

4.3  Sortie  Summary 


Two  different  numbers  are  associated  with  any  given  sortie:  the 
sortie  frequency  of  occurrence  and  the  sortie  probability  of  success.  The 
former  is  determined  from  the  user's  choices  of  the  decision  point  probabilities 
in  the  process  of  scenario  construction,  and  illustrates  how  often  one  would 
expect  the  particular  sortie  to  occur  in  relation  to  the  other  sorties  of  the 
scenario.  The  sortie  probability  of  success  is  calculated  according  to  the 
procedures  just  previously  discussed  in  Section  4.1,  Sortie  Evaluation  Procedure. 

If  these  two  quantities,  representative  of  occurrence  and  success,  for 
any  given  sortie  are  multiplied  together,  a number  indicative  of  sortie  success- 
ful occurrence  is  obtained.  This  value,  a weighted  sortie  probability  of  success 
reflecting  both  the  expected  sortie  occurrence  and  the  degree  of  craft  success, 
provides  a single  measure  which  one  can  use  to  gauge  craft  performance  in  one 
sortie  to  craft  performance  in  another  sortie  of  the  same  scenario.  Thus,  this 
number  offers  a better  insight  of  total  craft  performance  at  the  sortie  level 
than  either  of  its  two  components  along.  It  is  also  utilized  in  higher  level 
evaluations  as  discussed  in  Section  5.0,  SCENARIO  EVALUATIONS. 

In  addition  to  this  weighted  sortie  probability  of  success,  summaries 
can  also  be  made  of  the  two  quality  indicators  used  in  further  evaluating  craft 
performance  of  tasks,  i.e.,  time  to  complete  and  fuel  consumed.  For  any  given 
sortie,  the  time  to  complete  the  entire  sequence  of  tasks  is  the  sum  of  the 
individual  task  times,  and  the  total  fuel  consumed  is  the  sum  of  the  fuel  con- 
sumed while  performing  each  task. 

The  sortie  summary  information  above  is  outputted  from  the  CREE  Model 
computer  program  as  illustrated  in  Table  4-3. 
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5.0  SCENARIO  EVALUATION 


Scenarios  are  constructed  by  the  user  when  he  sequences  functional  task 
groups,  or  modules  representing  various  operational  activities,  together  in  a 
flow  chart  format.  This  flow  chart  or  scenario  represents  a Coast  Guard  program 
or  mission.  The  extent  to  which  a scenario  represents  a portion  of  Program,  a 
complete  Program,  or  a mix  of  portions  of  several  Programs,  is  only  dictated  by 
the  user's  choice  of  the  various  operational  activities  sequenced  together. 

Prior  to  using  the  CREE  Model,  the  user  has  some  objective,  goal  or  mission 
that  he  wishes  to  accomplish,  and  feels  that  utilization  of  watercraft  at  least 
represents  one  way  of  performing  the  job.  The  scenario  is  the  logical  representa- 
tion oi  he  operational  activities  conducted  by  a craft  that  he  feels  will 
accomplish  his  objective.  The  user  may  be  interested  in  evaluating  one  or  more 
types  of  craft  in  a well-known,  defined  and  accepted  concept  of  operations  or 
deployment  scheme,  or  he  may  be  interested  in  evaluating  one  or  more  "experi- 
mental" concepts  of  operations  with  one  specific  vessel.  No  matter  what  avenue 
he  wishes  to  pursue,  the  evaluation  of  the  craft  performance  in  the  scenario 
will  provide  a solution. 

The  process  of  evaluating  performance  within  a scenario  in  the  CREE  Model 
is  based  upon  the  previously  developed  task  and  sortie  evaluations.  This  section 
describes  the  various  aspects  of  this  scenario  evaluation  and  culminates  in  the 
presentation  of  the  quantitative  results  in  a format  enabling  the  user  to  directly 
relate  performance  to  his  objectives  or  goals. 

5. 1 Fraction  of  Scenario  Completed 

As  described  earlier,  sorties  are  a sequence  of  tasks,  or  complete 
paths  of  a flow  chart  scenario.  Any  scenario  therefore  can  be  viewed  as  a set 
of  sorties,  all  of  which,  each  in  their  own  way,  contribute  to  the  user's  objec- 
tives or  goals. 

Recalling  that  each  sortie  has  a frequency  of  occurrence*  associated 
with  it,  plus  recalling  that  some  sorties  are  eliminated  from  evaluation  due  to 
the  time  and  fuel  limitations  of  the  craft,  it  is  evident  that  the  total  frequency 
of  occurrence  of  all  of  the  completed  or  remaining  sorties  represent  the  fraction 
of  the  scenario  that  is  completed  by  the  craft. 

The  significance  of  this  fraction  lies  in  the  fact  that  it  is  a simple 
representation  of  the  total  amount  of  the  job  described  by  the  scenario  that  can 
be  completed  when  constrained  only  by  time  and  fuel  considerations.  As  such, 
when  comparing  two  different  craft,  it  indicates  which  craft  has  a greater 
capacity  for  work,  or  if  considering  one  craft  and  two  different  scenarios, 
indicates  which  scenario  or  concept  of  operations  represents  the  more  optimum 
employment  of  the  given  craft. 


*Sorties  involving  searching  use  a modified  search  theory  approach  to  deter- 
mine success/failure  probabilities.  These  probabilities  are  in  effect  frequencies 
of  occurrence  for  finding  or  not  finding.  See  Appendix  D for  detailed  development. 
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5.2  Average  Sortie  Probability  of  Success 


Since  a scenario  is,  in  one  respect,  a completed  set  of  sorties,  and 
since  craft  performance  in  each  sortie  can  be  described  by  a weighted  probability 
of  success  (see  Section  4.3,  Sortie  Summary),  the  indicator  for  evaluating 
performance  in  the  whole  scenario  is  the  average  of  those  weighted  values  of 
sortie  probability  of  success. 

The  average  sortie  probability  of  success  is,  as  the  name  suggests,  an 
average  of  the  expected  performance  in  each  sortie.  Viewed  from  another  aspect, 
it  can  also  be  considered  as  the  probability  of  successfully  completing  the 
scenario,  because  it  "describes  the  average  sortie." 

The  value  of  the  average  sortie  probability  of  success  is  determined 
by  adding  together  all  of  the  probabilities  of  successful  sortie  completion,. 
These  are,  as  described  in  Section  4.3,  Sortie  Summary,  the  products  of  sortie 
occurrence  and  sortie  success.  Notationally , the  average  sortie  probability  of 
success  is  defined  as: 


Average  Sortie  Probability 
of  Success 


N 

Sortie^^  (freq)  * Sortie^^  (pos) 

i=l 


where:  Sortie^  (freq)  is  the 

Frequence  of  Occurrence 
in  the  i*^^  sortie 

and  Sortiei  (pos)  is  the 

Probability  of  Success  of 
the  i*^'^  sortie 


The  average  sortie  probability  of  success,  or  the  probability  of 
successfully  completing  the  scenario  (depending  upon  how  one  chooses  to  describe 
this  value)  is  indicative  of  the  quantity  of  work  that  a craft  can  be  expected 
to  perform  in  a scenario.  This  considers  both  the  time  and  fuel  limitations  of 
the  craft,  and  the  degradation  in  craft  performance  due  to  other  limitations  in 
craft  capability  or  environmental  constraints  of  the  operational  requirements. 

The  time  and  fuel  limitations  of  the  craft  are  brought  into  the  picture  by  the 
consideration  of  only  completed  sorties;  and  the  degradation  in  craft  performance 
is  represented  by  the  incorporation  of  the  sortie  probability  of  success  values 
into  the  calculations. 

In  summary,  the  average  sortie  probability  of  success  provides  the 
user  with  a single  number  indicative  of  how  much  a craft  can  be  expected  to 
successfully  complete  in  the  scenario  he  constructed. 

Table  5-1,  Typical  Scenario  Overall  Results,  illustrates  the  average 
sortie  probability  of  success  and  an  average  of  the  sortie  times  and  fuel  con- 
sumptions. 
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The  foregoing  section  discussed  a figure  of  merit  indicative  of  how 
much  of  a scenario  a craft  can  be  expected  to  complete,  and  stated  that  this 
value  could  be  considered  as  the  "average  sortie  probability  of  success,"  The 
question  that  naturally  arises  at  this  point  is,  "what  does  this  average  sortie 
lool  like?" 

Since  all  sorties  of  the  scenario  are  different,  the  average  sortie 
must  consist  of  a little  of  each  completed  sortie.  This  average  sortie  is  not 
an  identifiable  completed  path  of  the  scenario,  but  rather  a single  sortie  that 
has  been  created  by  a mathematical  reduction  of  the  entire  successfully  completed 
scenario. 

The  average  successfully  completed  sortie  contains  every  task  that  has 
been  successfully  completed  in  the  scenario.  In  addition,  each  task  in  this 
average  sortie  has  associated  with  it  a fractional  coefficient  representing  the 
average  number  of  times  the  task  is  successfully  completed  in  the  scenario. 
Functionally,  these  coefficients  for  each  task  are  expressed  as  follows: 

Average  number  of  time  N 

CoefTASK  K = succeLf ulirin^the  = Z 

scenario  i=l 

where  • N is  the  total  number  of 
sorties  that  have  been 
completed 

• Sortie^  (freq)  is  the 
frequency  of  occurrence 
of  the  ith  sortie 

and  • (#  Task  is  the  number 
of  times  that  Task  K is 
completed  in  the  i*-^  sortie 


Table  5-2  is  a simplified  example  of  calculating  the  coefficients  of 
the  average  successfully  completed  sortie  to  provide  one  with  a more  intuitive 
feel  of  this  hypothetical  sortie.  The  table  shows,  for  example,  that  on  each  day 
(or  each  time  the  craft  attempts  a sortie)  we  can  expect  it  to  complete  200 
Escorts,  This  means  that  once  in  every  five  attempted  sorties,  the  craft  will 
successfully  complete  an  Escort.  Figure  5-1,  Typical  Scenario  Overall  Results, 
illustrates  the  CREE  Model  computer  program  output  format  for  the  average  sortie 
task  composition. 


-Term  Operational  Evaluation 


The  average  successfully  completed  sortie  developed  in  the  preceding 
section  not  only  enables  the  user  to  quickly  examine  the  scope  of  successful 
craft  performance  in  his  scenario,  but  it  also  provides  a convenient  mechanism 
for  a simple  forecast  of  expected  craft  performance  in  long-term  operations. 
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TABLE  5-2 


Recalling  the  earlier  statement  that  any  sortie  can  be  considered  to 
be  a dally  activity,  such  as  a typical  SAR  case  or  harbor  pollution  patrol,  it 
is  evident  that  the  average  successfully  completed  sortie  can  also  be  considered 
as  a single  day's  operation,  in  this  case  some  hypothetical  average  day.  If  the 
user  is  interested  in  determining  how  much  work  can  be  expected  to  be  accomplished 
in  a given  time  frame,  he  can  multiply  each  task  coefficient  of  this  average 
sortie  by  the  number  of  sorties  desired  or  the  number  of  days  deployed.  This 
produces  the  actual  number  of  times  each  task  is  successfully  completed  in  the 
long-term  time  period. 


Since  "average  times"  to  complete  the  tasks  and  "average  fuel  consump- 
tions" for  each  task  are  also  available,  the  user  is  also  provided  with  quality 
indicator  information  along  with  the  quantity  forecast. 


5. 5 Important  Tasks  and  Program  Goals 

Among  the  tasks  used  in  constructing  a scenario,  some  tasks  contribute 
more  towards  the  accomplishment  of  the  user's  particular  goals  or  objectives 
than  other  tasks.  The  number  of  successful  completions  of  these  more  important 
tasks  in  a given  time  frame  provide  an  immediate  measure  of  craft  effectiveness 
in  achieving  the  operational  objective. 


In  utilizing  this  model,  the  user  should  be  able  to  specify  which 
tasks  do  contribute  directly  towards  achieving  those  objectives,  or  conversely, 
be  able  to  specify  how  much  effort  is  sufficient  to  achieve  his  objectives.  In 
ELT,  for  example,  he  should  know  how  many  identifications  and  inspections  are 
sufficient  to  satisfy  the  objective  of  gathering  data.  If  so,  the  user  can  then 
directly  relate  the  output  of  the  model,  number  of  successful  task  completions, 
to  his  goals  or  objectives.  In  cases  where  the  user  cannot  specify  the  number 
of  task  completions  which  will  satisfy  an  objective,  he  still  can  use  the  calcu- 
lated values  for  the  number  of  task  completions  as  a relative  indication  of 
craft  success. 

To  provide  flexibility  for  the  various  Programs,  the  user  can  select 
those  tasks  he  feels  to  be  important  in  his  program  and  highlight  them  in  the 
outputed  evaluation  for  a specified  number  of  days  of  operation.  The  model 
calculates  and  tabulates  the  number  of  these  successfully  completed  important 
tasks.  This  is  illustrated  in  Table  5-3,  Typical  Scenario  Evaluation  page. 
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6.0  SUMMARY  OF  CREE  MODEL  EVALUATION  PROCEDURE 

Table  6-1  summarizes  the  entire  evaluation  procedure  used  in  the  CREE 
Model.  It  lists  input  information  and  evaluation  criteria  for  the  various 
levels  of  possible  evaluations,  beginning  with  craft  characteristics,  proce'hding 
through  tasks,  sorties  and  scenarios,  and  ending  up  with  Programs.  In  addition, 
this  table  shows  which  computer  output  pages  correspond  to  which  level  of 
evaluation  and  where  typical  or  format  samples  can  be  located  in  this  report. 
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SCHEMATIC  DIAGRAM  FOR  CRAFT/TASK  EVALUATIONS 
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APPENDIX  C 


MASTER  TASK*  TIME  COMPUTATIONS 


This  appendix  explains  the  rationale  and  the  computational  methods  used  to 
determine  the  time  to  perform  a task.  The  time  to  perform  a task  varies  with 
the  environment,  the  craft  and  the  workload.  All  of  these  factors  are  con- 
sidered in  the  computations  that  follow. 

There  are  two  general  classifications  of  tasks,  one  type  being  when  the  craft 
is  on  scene  in  a given  location,  and  the  other  being  when  the  craft  is  traveling 
from  point  to  point.  The  on-scene  task  times  are  generally  a function  of  the 
magnitude  of  the  job,  the  craft  maneuvering  characteristics,  and  the  craft's 
motion  characteristics  due  to  the  environment.  The  traveling  task  times  on  the 
other  hand  are  primarily  a function  of  the  distance  and  craft  speed  in  the 
particular  seaway.  The  following  paragraphs  detail  the  specific  computations 
for  all  master  tasks. 

1.  Assist  - The  user  assigns  a time,  T^,  to  perform  the  activity  (passing  a 
gasoline  can,  pump,  etc.)  in  calm  water.  Craft  motion  causes  an  increase  in 
the  time  to  perform  this  task  according  to  the  following  relationship; 

T = Tu  * f(SK) 

where:  T is  the  calculated  time  to 
perform  the  task 

Tu  is  the  user  inputted  base  time 

f(SK)  is  a time  multiplier 
function  accounting  for  craft 
motion. 

f(SK)  is  defined  by  the  curve  in  Figure  C-1  as  seen  below: 

2.  Board  - The  user  assigns  a time,  Ty,  to  board  under  ideal  conditions  (calm 
water  and  excellent  maneuverability) . An  increase  in  craft  motion  or  poor 
craft  maneuverability  both  cause  an  increase  in  the  time  necessary  to  board 
according  to  the  following  relationship: 

T = Tu  * f(SK)  * g(MN) 

where:  T is  the  calculated  time  to 
perform  the  task 

Tu  is  the  user  inputted  base  time 


*Each  Master  Task  models  one  or  more  slave  tasks  as  shown  in  Table  3-1. 
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Figure  C-1  DEFINITION  OF  TIME 

MULTIPLIER  FUNCTION  f(MO) 


and  continued  from  the  proceeding 


f(SK)  is  a time  multiplier 
function  accounting  for  craft 
motion  (Figure  C-1) 

g(MN)  is  a time  multiplier 
function  accounting  for  craft 
maneuverability;  as  defined  by 
the  curve  in  Figure  C-2 . 


3.  Monitor  Activities  - The  time,  T^,  that  the  user  supplies  for  this  task 

represents  the  duration  of  the  event  to  be  monitored.  The  characteristics 
of  the  CG  craft  have  no  effect  upon  this  event  (e.g.,  an  offshore  platform 
leaking  oil).  Thus, 

T = T„ 
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Figure  C-2  DEFINITION  OF  TIME 


MULTIPLIER  FUNCTION  g(MN) 


I-..  Retrieve  - The  user-supplied  time,  T^,  is  the  time  necessary  to  retrieve 
in  calm  water  using  a craft  with  excellent  maneuverability.  The  time  is 
increased  with  craft  motion  and  lesser  maneuverability  according  to  the 
following  relationship: 

T = Tu  * F(SK)  * G(MN) 

where:  T is  the  calculated  time  to 
perform  the  task 

Ty  is  the  user  inputted  base  time 

f(SK)  is  the  time  multiplier 
function  to  account  for  craft 
motion  (Figure  C-1) 

g(MN)  is  the  time  multiplier 
function  to  account  for  craft 
manueverability  (Figure  C-2) . 
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5.  Wait  - The  user-supplied  time,  Ty,  represents  the  time  that  the  Coast  Guard 
craft  must  wait  while  an  event  takes  place  somewhere  else. 

T = Ty 

6.  Work  Equipment  at  Drift  - The  time,  Ty,  that  the  user  supplies  to  perform 
this  task  in  calm  water  is  degraded  according  to  the  following  relationship: 

T = Ty  * f(SK) 

where:  T is  the  calculated  time  to 
perform  the  task 

Ty  is-  the  user  inputted  base  time 

f(SK)  is  the  time  multiplier  for 
craft  motion 

7.  Work  Equipment  at  Position  - The  time,  Ty,  that  the  user  supplies  to  perform 
the  task  in  calm  water  with  a craft  with  excellent  maneuverability  is 
degraded  according  to  the  following  relationship: 

T = Ty  * f(SK)  * g(MN) 


where:  T is  the  calculated  time  to 
perform  the  task 

Ty  is  the  user  inputted  base  time 

f(SK)  is  the  time  multiplier 
function  to  account  for  craft 
motion  (Figure  C-1) 

g(MN)  is  the  time  multiplier 
function  to  account  for  craft 
maneuverability  (Figure  C-2) . 

8.  Search  Distressed  Unit  - See  Appendix  D. 

9.  Search  for  People  - See  Appendix  D. 

10.  Slow  Escort  - The  user  supplies  both  the  distance,  Dy,  to  escort  and  the 
escort  speed,  Vy,  and  the  time  is  simply  distance  divided  by  speed  as 
follows: 


T = Dy/Vy 

11.  Slow  Patrol  - The  user  supplies  both  the  distance  to  patrol,  Dy,  and  the 
patrol  speed,  Vy.  (If  the  patrol  intent  is  to  cover  an  area,  the  user 
must  first  convert  this  area  to  a distance  using  a nominal  track  spacing.) 
Then,  time  is  the  distance  divided  by  the  speed  as  follows: 

T = Dy/Vy 
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12.  Towing  - The  user  supplies  the  distance  Dy,  to  tow.  The  tow  speed,  Vtow» 

Is  computed  In  the  program  as  discussed  In  Section  3.1.2,  Tow  Parameter . 

The  time  required  to  tow  Is  the  distance  divided  by  the  tow  speed,  or 

T = D^/Vtow 

13.  Escort  - The  user  distance,  D^u,  to  escort  is  used  in  conjunction  with  the 
craft  cruise  average  speed,  Vj,,in  a seaway.  The  average  cruise  speed,  Vq, 

Is  dependent  upon  the  craft's  speed-sea  state  envelope  and  the  user  inputted 
expected  sea  state  distribution  (detailed  In  Craft/Task  Evaluation  Schematic 
Appendix  B) . The  time  to  escort  is  then: 

T = Dy/Vc 

14.  Identify  - The  user  supplies  the  inputs  of  distance,  Dy,  between  vessels, 
the  number,  Ny,  of  vessels_to  identify  and  the  time  to  Identify  one  vessel. 
The  average  cruise  speed,  Vc,  and  the  user  inputted  expected  visibility  are 
used  in  conjunction  with  the  foregoing  inputs_to  determine  the  time  to 
Identify  vessels.  The  average  cruise  speed,  V^,  is  detailed  in  Appendix  B. 

The  expected  visibility  is  converted  to  a multiplicative  time  function, 
h(VZ)  where: 

3 

h(VZ)  = ^ ?(Z)^  * f(Zi) 

i=l 

where:  P(Z)  is  the  probability  of 
visibility  with: 

P(Z)j^  = Good 

P(Z)2  = Fair 

P(Z)3  = Poor 

and,  f(Z)  is  a weighting  factor  for 
poor  visibility  with: 
f(Zi)  = 1.0 

f(Z2)  = 1.0 

f(Z3)  = 2.0 

The  time  to  Identify  is  determined  using  the  following  relationship: 

T = Nu  * (Tu  * h(VZ)  + Du/Vc)  - 

where:  T is  the  calculated  time  to 
perform  the  task 

Ny  is  the  number  of  vessels  to 
be  identified 

Ty  is  the  user  inputted  base  time 
to  identify 
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h(VZ)  is  the  visibility 
multiplicative  factor 

Dy  is  the  distance  between 
vessels  to  be  identified 

Vj.  is  the  average  cruise  speed 

15.  Patrol  - The  u£er  supplied  distance  to  patrol,  D^,  is  used  with  the  average 
cruise  speed,  V^,  and  the  time  determined  by  the  following  relationship: 

T = Dy/Vc 

16.  Search  Target  - See  Appendix  D. 

17.  Transit  - The  user-sup£lied  distance,  Du,  to  transit  is  utilized  with  the 
average  cruise  speed,  V^.,  and  the  time  determined  by  the  following  relation- 
ship : 

T = Du/Vc 

18.  Transport  - The  user-supplied  distan£e,  Dy,  to  transport  equipment  is 
used  with  the  cruise  average  speed,  V,  and  the  time  determined  by  the 
following  relationship: 

T = D^/Vc 

19.  Respond  - The_user  input  distance,  Dy,  to  respond  is  used  with  the  average 
flank  speed,  Vf,  and  the  time  determined  by  the  following  relationship: 

T = D^,/Vf 
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SEARCH  TASK  EQUATION  DEVELOPMENT  i 

The  search  tasks  or  groups  are  different  from  the  other  tasks  of  the  CREE  model 
in  that  they  have  three  ports,  one  input  and  two  outputs.  The  two  outputs 
represent  possible  success  and  failure  paths.  The  frequencies,  or 
probabilities,  of  success  or  failure  of  any  search  depend  upon  the  specific 
values  of  the  operational  variables  and  hence  are  not  known  beforehand  when 
constructing  the  scenario.  These  frequencies  are,  therefore,  computed  for  each 
of  the  search  tasks:  Search  Target,  Search  People,  and  Search  Distressed  Unit. 

In  addition,  the  times  associated  with  successful  and  unsuccessful  searches  are 
computed. 

There  are  two  types  of  three-port  search  tasks  considered  in  the  model,  SAR 
searches  and  Target  searches.  The  variables  affecting  a SAR  search  are  visual 
sweep  width,  coverage  factor,  area  of  initial  search,  maximum  number  of  searches, 
maximum  search  time,  and  the  speed  of  the  searching  craft.  The  variables  affecting  j 

a Target  Search  are  the  target  ship's  speed  and  uncertainty  of  location,  plus  the  i 

radar  sweep  width,  the  maximum  allowable  time  for  the  search  and  the  speed  of  the  ] 

searching  vessel.  The  computational  procedure  to  determine  the  frequency  of  success 
and  failure  and  the  associated  search  times  are  developed  in  the  following  paragraphs. 

J 

1.  SAR  Searches  - These  two  search  tasks.  Search  for  People,  and  Search  for  j 

Distressed  Unit,  incorporate  the  standard  Coast  Guard  doctrine  described 
in  CG-308  SAR  Manual.  It  is  assumed  that  the  search  pattern  which  best 
fits  the  situation,  such  as  creeping  line  or  expanding  square,  will  be  I 

chosen  by  the  operator  on  the  scene  and,  therefore,  not  applicable  in  this  j 

model.  The  curves  in  the  SAR  Manual  relate  the  probability  of  detection  to  i 

the  coverage  factor  and  the  number  of  searches.  The  procedures  used  in  j 

the  CREE  Model  for  SAR  Searches  are  just  those  necessary  to  adapt  the  j 

physical  description  of  the  operation  to  this  established  Coast  Guard  i 

doctrine.  | 

The  determination  of  the  probability  of  detection  (POD)  from  the  SAR  search  j 

curves  is  simply  a matter  of  reading  the  POD  for  a particular  number  of  | 

searches  of  the  area  for  a given  coverage  factor.  The  POD  curves  are  ; 

shown  in  Figure  D-1.  Subsequent  searches  expand  the  search  area  according  I 

to  the  schedule  shown  in  Table  D-1.  i 

I 

TABLE  D-  1 : 

SCHEDULE  OF  EXPANDING  SEARCH  AREAS 

1 I 

1.00  2.11 


3 

4 

3.31 

4.37 

SEARCH  NUMBER 


Multiple  of  the 
Initial  Search  Area 


PROBABILITY  OF  DETECTION 


100% 


COVERAGE  FACTOR 


PROBABILITY  OF  DETECTION 

Figure  D-1.  POD  DETECTION  VERSUS  COVERAGE 

FACTOR  CURVES ((CG- 308)  SAR  MANUAL) 


Each  search  takes  longer  than  the  previous  one  since  a greater  area  must 
be  swept  with  the  same  coverage  factor.  The  time,  Tn,  to  perform  the  nth 
search  is: 


^ CF^-A(n) 
SW*V 


where:  CF  = Coverage  Factor 

A(n)  = Area  of  nth  search 

V = Average  speed  of  search  craft 
SW  E Visual  sweep  width 


( 1 
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The  term  is  equivalent  to  the  distance  that  the  search  craft 

must  travel  on  the  search.  It  is  desirable  to  rewrite  the  search  area 
A(n)  in  terms  of  the  initial  search  area  A(l) . The  resulting  expression 
is  then  in  terms  of  all  of  the  Initial  descriptions  of  the  search  problem 
and  the  multiplying  factor  as  specified  by  SAR  doctrine. 


T 


n 


CF-A(l)»an 

SW*V 


The  actual  time  spent  on  a SAR  search  is  dependent  upon  its  outcome.  If 
the  distressed  unit  is  not  found,  the  time  to  perform  the  search  is  simply 
the  sum  of  the  times  to  perform  each  Individual  sweep,  i.e.. 


^not  find 


'max 


n=l 


max 


T„  = 


^ CF»A(1) 
SW-V 


a(n) 


The  time  spent  in  a successful  search  is  the  expectation  value  of  T,  as 
follows : 


^f  ind 


^max  n 

2 [P^Cn.c)  - Pr(n-l,c)][(  2] 

n=l  i=l 


^max 

2 [Pj.(n,c)  Pj.(n-l,c)] 

n=l 


where:  Pj-(n,c)  is  the  cumulative 

' probability  of  finding  the  craft 
on  the  n^^  search  with  a coverage 
factor  of  c.  This  value  is  read 
from  the  POD  curves  of  Figure  D-1 


This  procedure  assumes  that  it  is  equally  probable  to  find  a craft  in  any 
increment  of  a given  search,  and  implies  that  if  the  distressed  unit  is 
found  on  the  n*^"  search,  on  the  average  it  is  found  in  half  of  the  time 
necessary  to  complete  the  whole  search.  This  is  the  origin  of  Tn/2  term 
in  the  above  expression. 


2.  Target  Searches  - A Target  Search  is  a search  for  a vessel  that  is  attempting 
to  steam  away  from  a given  point.  The  subject  vessel  does  not  want  to  be 
detected,  unlike  the  distressed  unit  which  wants  to  be  found.  The  incident 
is  assumed  to  be  reported  to  the  Coast  Guard  in  the  CREE  Model  scenario,  and 
the  CG  vessel  transits  or  interdicts  to  the  scene.  The  ensuing  search  pro- 
ceeds until  the  vessel  is  detected  or  the  search  is  terminated  by  the 
maximum  time  limit  Inputted  by  the  user. 
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The  conditions  of  the  search  are  described  by  the  following  variables: 


SW:  the  searching  vessel's  radar  sweep  width 

V:  the  speed  of  the  searching  vessel 

t : t ime 

e:  the  initial  uncertainty  in  target  position 

Vj.:  the  target  vessel's  speed 

T^:  the  time  it  takes  for  the  searching  vessel  to  arrive 

at  the  initial  position  to  start  the  search 

T^ax*  user  inputted  maximum  time  for  the  search 

At  the  instant  that  the  Coast  Guard  receives  the  call  to  investigate,  the 
subject  vessel  may  be  anywhere  in  an  area 

rre^ 

When  the  Coast  Guard  vessel  arrives  on  the  scene,  the  subject  vessel  may 
be  anywhere  in  the  newly  expanded  area, 

^ (C+  VtTb)2 

At  this  point  the  time  for  the  Search  for  target  task  begins.  At  any  later 
time,  t,  the  target  vessel,  may  be  anywhere  in  the  area 

^ [C+  Vt  (Tb  + t)]2 

In  the  CREE  Model  the  search  is  limited  by  a user  imposed  time,  Tj^^x’ 

The  quantities  that  describe  the  results  of  the  search  are  the  probability  of 
detection,  which  results  in  the  frequency,  or  probability,  of  finding  and  not 
finding,  and  the  length  of  time  associated  with  finding  and  not  finding. 

The  probability  of  finding  a target  during  the  interval.  At,  at  any  time  t is 
defined  as: 

p CA  ) “ Area  searched  during  Interval  At 
find’  " Area  remaining  to  be  searched 

which  can  be  expressed  as: 

SW  * v * At 

Tr[e  + Vt.(Tb  + t)]2  - sw  * v * t 


j 
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ind (At , t) 


The  probability  of  not  finding  is  the  probability  of  finding  subtracted 
from  one,  or: 


^not  find  “ 1 “ Pfind 

The  probability  of  not  finding  the  target  in  the  Interval  At  as  At  ranges 
from  zero  to  T^ax  is  simply  the  product  of  not  finding  during  each  interval 
At,  or: 


not  finding 


t=Tinax 


t=0 


^ i'ni 

TT 

t=0 


not  find  (At,t) 


The  probability  of  finding  the  target  in  the  interval  from  t=0  to  i~Tmax 
is  then: 


Pf  ind 


"^max  *-  ^max 

= 1-  TT  [1  - Pfind(At,t)] 


t=0  t=0 

The  times  associated  with  finding  and  not  finding  the  target  are: 


T = T 

not  find  max 


t=T, 


max 


At 


ifind  E(t)  - 


“ 2 ^^f ind^^i 


max 


^f  ind 


t=0 


Two  cases  of  target  searches  are  possible,  one  for  a fast  searching  vessel 
which  theoretically  could  always  find  the  target  depending  on  the  value  of 
Tmax)  and  the  other  for  a slow  vessel  which  may  or  may  not  find  the  target 
These  two  cases  are  illustrated  in  Figure  D-2 . 

In  the  case  of  the  fast,  or  high  speed  search,  the  target  vessel  is  found 
when  the  areas  for  the  searching  craft  and  target  craft  are  equal.  This 
will  occur,  as  seen  in  Figure  D-2,  at  time  T^.  In  the  CREE  Model  this 
search  would  be  terminated  with  100  percent  success  at  time  Tj^,  provided 
Tmax  i®  greater  than  Tj^;  if  not,  the  search  is  terminated  at  T^ax  with  a 
probability  of  success  equal  to  the  ratio  of  the  searched  area  to  the 
area  of  the  target. 


i 

i 

I 

i 

I 


i 
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AREA 


Figure  D-2  AREA-TIME  CURVE  FOR 
TARGET  SEARCHES 


In  the  case  of  the  slow  speed  search  where  the  area  searched  never  equals 
the  target  area,  the  search  is  terminated  at  Tmax  with  the  appropriate 
probability  of  success.  Clearly  there  is  some  optimum  time  for  this  slow 
speed  search,  i.e.,  when  the  ratio  of  the  searched  area  to  the  target  area 
is  a maximum.  This  is  indicated  by  Topt  in  Figure  D-2  and  can  be  expressed 
as : 


^opt 


SW  * V 


2ir 


- (e  + V^T^)] 


For  this  slow  speed  case,  the  CREE  Model  terminates  the  search  at  the  user 
inputted  Tmax* 
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GLOSSARY  AND  LIST  OF  ABBREVIATIONS  USED  IN  CREE  MODEL  REPORT 

ACV  - Air  Cushion  Vehicle 
ANB  - Aid  to  Navigation  Boat 

AVERAGE  SORTIE  - A sortie,  consisting  of  parts  of  every  task  occurring  in  the 
scenario,  obtained  by  weighing  each  sortie  in  the  scenario  by  its  proba- 
bility of  success  and  frequency  of  occurrence. 

CALCOMP  - California  Computer  (Graph  Plotting  Program) 

CG  - Coast  Guard 

CHAR  - Craft  Characteristics  Computer  Program 

CREE  MODEL  - Cutter  Resource  Effectiveness  Evaluation  Model 

DE  - Diesel  Engine 

DECISION  POINT  PROBABILITIES  - The  probabilities  chosen  by  the  user  at  a branch 
point  in  the  scenario 

ELT  - Enforcement  of  Laws  and  Treaties 

FLOW  CHART  SCENARIO  - A model  of  Coast  Guard  Program  (scenario)  in  a flow  chart 
format  (like  a wiring  diagram) 

FORCE  MIX  - The  CREE  Model  does  not  address  force  mix  analysis 

FREQUENCY  OF  OCCURRENCE  - The  probability  of  occurrence  (frequency  is  used  to 
imply  how  often) 

FUEL  FRACTION  - The  fraction  of  useful  load  that  is  carried  as  fuel  on  board 

FUNCTIONAL  TASK  GROUP  - A group  of  tasks  in  a mini-flow  chart  (or  module)  that 
together  model  a particular  activity  (or  function) 

Fp  - Fuel  Fraction 

G-OP  - Operations  Planning  & Staff  in  Coast  Guard  Headquarters 
GT  - Gas  Turbine 

HPWC  - High  Performance  Water  Craft 

IOCS  - Input  Output  Computer  Services  (Incorporated) 

LNG  - Liquefied  Natural  Gas 
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MASTER  TASK  - A single  task  which  models  a class  of  similar  actions  by  the 
Coast  Guard  vessel 

MEP  - Marine  Environmental  Protection 

MLB  - Motor  Life  Boat 

MRB  - Motor  Rescue  Boat 

MSA  - Marine  Science  Activities 

OPERATIONAL  ACTIVITIES  - Missions  or  functions  performed  by  CG  personnel  and 
units.  The  broad  partitioning  of  activities  when  analyzing  CG  programs. 

OPERATIONAL  REQUIREMENTS  - Those  items  that  are  necessary  to  fully  describe 

the  operational  choices,  environment  and  area  of  operation.  Examples  are 
decision  point  probabilities,  sea  state  and  distances  to  steam. 

PARAM  - Parameter  section  of  the  CREE  Model  Computer  Program 

PARAMETER  - A multiplying  factor  (indicative  of  an  effect  such  as  sea  state 
upon  a task)  which  degrades  the  probability  of  success  of  that  task. 

PERCENT  OF  SCENARIO  COMPLETED  - The  percent  of  all  of  the  sorties  in  the 

scenario  that  the  craft  may  complete  without  either  running  out  of  fuel 
or  exceeding  the  time  limit  (sortie  duration)  for  a sortie. 

POD  - Probability  of  Detection 

PROBABILITY  OF  SUCCESS  - The  ratio  of  the  number  of  times  an  event  is  performed 
successfully  to  the  number  of  times  it  is  attempted. 

PROBABILITY  OF  SUCCESSFULLY  COMPLETING  SCENARIO  - The  average  probability  of 

success  of  every  sortie  in  the  scenario.  (A  way  to  visualize  this  "average 
probability  of  success"  is  to  consider  the  case  where  every  sortie  has  an 
Individual  probability  of  success  of  either  1.0  or  0.0.  The  fraction  of 
the  sorties  in  the  scenario  with  1.0  would  represent  the  probability  of 
successfully  completing  the  scenario.) 

PROBABILITY  OF  SUCCESSFUL  OCCURRENCE  (OF  A SORTIE)  - The  product  of  the  sortie 
frequency  of  occurrence  and  the  sortie  probability  of  success. 

PROPOS  - Program  (CG)  Probability  of  Success  element  of  the  CREE  Model  Computer 
Program. 

PSS  - Port  Safety  & Security 

PWB  - Port  & Waterways  Boat 

P/L  - Pressure  to  length  ratio;  used  in  describing  Air  Cushion  Vehicles 
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RANGE  FRACTION  - The  fraction  of  the  craft's  fuel  capacity  (which  equates  to 
range)  that  may  be  expended  in  an  operation.  The  remainder  is  the  fuel 
reserve  which  may  not  be  expended  in  the  scenario. 


R&DC  - Research  and  Development  Center 
SAR  - Search  and  Rescue 

SEA  STATE  DISTRIBUTION  - The  probability  distribution  of  sea  states  in  a given 
region  over  the  extended  time  of  operation. 

SCENARIO  - A sequencing  or  flow  of  events  of  an  operation 


SES  - Surface  Effect  Ship 

SORTIE  - A sequence  of  tasks  performed  by  a craft  with  a logical  beginning  and 
end;  for  example,  a SAR  case  starting  from  the  pier,  continuing  through 
the  operation,  and  finally  terminating  at  the  pier. 


SORTIE  DURATION  - The  maximum  allowable  time  for  any  sortie  in  a given  scenario. 
SS  - Sea  State 


SWATH  - Small  Waterplane  Area  Twin  Hull 
SYSTEM  - Not  mentioned  in  the  CREE  Model  reports 

TASK  - The  lowest  level  of  discrete  activity  such  as  a transit  or  tow  in  a 
Coast  Guard  Program, 

TOWING  DISTRIBUTION  - The  distribution  of  craft,  according  to  length  or  dis- 
placement, to  be  towed  in  the  region  of  operation. 

TPOS  - Task  Probability  of  Success  section  of  the  CREE  Model  Computer  Program. 

TSC  - Transportation  Systems  Center 

UTB  - Utility  Boat 

VISIBILITY  DISTRIBUTION  - The  distribution  of  visibility  in  the  region  of 
operation. 

WHEC  - High  Endurance  Cutter 
WMEC  - Medium  Endurance  Cutter 


WPB  - Patrol  Boat 
A - Displacement 
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